

















Détection des  
événements indésirables dans les  
bases de données administratives 
 























Federaal Kenniscentrum voor de Gezondheidszorg 
Centre fédéral d’expertise des soins de santé 
2008 
 
Le Centre fédéral d’expertise des soins de santé 
Présentation :  Le Centre fédéral d’expertise des soins de santé est un parastatal, créé le 24 
décembre 2002 par la loi-programme (articles 262 à 266), sous tutelle du 
Ministre de la Santé publique et des Affaires sociales, qui est chargé de réaliser 
des études éclairant la décision politique dans le domaine des soins de santé et 
de l’assurance maladie. 
Conseil d’administration  
Membres effectifs :  Gillet Pierre (Président), Cuypers Dirk (Vice-Président), Avontroodt Yolande, 
De Cock Jo (Vice-Président), De Meyere Frank, De Ridder Henri, Gillet Jean-
Bernard, Godin Jean-Noël, Goyens Floris, Maes Jef, Mertens Pascal, Mertens 
Raf, Moens Marc, Perl François, Van Massenhove Frank, Vandermeeren 
Philippe, Verertbruggen Patrick, Vermeyen Karel. 
Membres suppléants :   Annemans Lieven, Bertels Jan, Collin Benoît, Cuypers Rita, Decoster 
Christiaan, Dercq Jean-Paul, Désir Daniel, Laasman Jean-Marc, Lemye Roland, 
Morel Amanda, Palsterman Paul, Ponce Annick, Remacle Anne, Schrooten 
Renaat, Vanderstappen Anne..  
Commissaire du gouvernement : Roger Yves 
Direction 
Directeur général a.i. :  Jean-Pierre Closon 
Directeur général adjoint a.i. :  Gert Peeters 
Contact 
Centre fédéral d’expertise des soins de santé (KCE). 
Centre Administrative Doorbuilding 
Avenue Jardin Botanique 55 
B-1000 Bruxelles 
Belgium 
Tel: +32 [0]2 287 33 88  
Fax: +32 [0]2 287 33 85 
Email : info@kce.fgov.be  















Détection des événements 
indésirables dans les bases de 
données administratives 
 
KCE reports 93B 
 
PIERRE GILLET, PHILIPPE KOLH, WALTER SERMEUS, ARTHUR VLEUGELS, 















Federaal Kenniscentrum voor de Gezondheidszorg 
Centre fédéral d’expertise des soins de santé 
2008
 
KCE REPORTS 93B  
Titre :  Détection des événements indésirables dans les bases de données 
administratives 
Auteurs :   Pierre Gillet (CHU Liège), Philippe Kolh (CHU Liège), Walter Sermeus 
(KULeuven), Arthur Vleugels (KULeuven), Jessica Jacques (CHU Liège), 
Koen Van den heede (KULeuven), Stephan Devriese (KCE), France 
Vrijens (KCE), Sandra Verelst (KULeuven) 
Experts externes: Eric Baert (UZ Gent), Pascal Meeus (RIZIV) 
Acknowledgements Adelin Albert (Biostatistical Center, University of Liege), Thibaut Degrave 
(University Hospital (CHU) of Liege), Martine Frenay (CHPLT), Emmanuel 
Lesaffre (Biostatistical Center, Katholieke Universiteit Leuven), Nathalie 
Maes (University Hospital (CHU) of Liege), Michel Meessen (University 
Hospital (CHU) of Liege), Sandrina von Winckelmann (Hospital Pharmacy 
Division, Katholieke Universiteit Leuven) 
Validateurs :  Xavier De Béthune (Mutualité Chrétienne), Martine De Bruyne (EMGO-
VUmc / Nivel, NL), Johan Hellings (Ziekenhuis Oost-Limburg) 
Conflict d’intérêt:  aucun conflit déclaré 
Disclaimer: Les experts externes ont collaboré au rapport scientifique qui a ensuite 
été soumis aux validateurs. La validation du rapport résulte d’un 
consensus ou d’un vote majoritaire entre les validateurs. Le KCE reste 
seul responsable des erreurs ou omissions qui pourraient subsister de 
même que des recommandations faites aux autorités publiques. 
Mise en Page: Ine Verhulst, Wim Van Moer 
Bruxelles, 17 novembre 2008 
Etude n° 2006-21 
Domaine : Health Services Research (HSR) 
MeSH : Adverse Effects; Hospital Records; Databases as Topic; Risk Assessment 
NLM classification : W 26.55.l4 
Langage : français, anglais 
Format : Adobe® PDF™ (A4) 
Dépôt légal : D/2008/10.273/74 
La reproduction partielle de ce document est autorisée à condition que la source soit mentionnée. Ce 
document est disponible en téléchargement sur le site Web du Centre fédéral d’expertise des soins 
de santé. 
Comment citer ce rapport ? 
Gillet P, Kolh P, Sermeus W, Vleugels A, Jacques J, Van den heede K, Devriese S, Vrijens F et Verelst 
S. Détection des événements indésirables dans les bases de données administratives. Health Services 
Research (HSR). Bruxelles: Centre fédéral d’expertise des soins de santé (KCE). 2008. KCE Reports 




KCE Reports 93B Evènements Indésirables i 
PRÉFACE 
Nous désirons tous que tout se passe bien lorsque nous sommes confrontés à une 
maladie grave. De même nous nous attendons tous à recevoir les meilleurs soins 
possibles lorsque nous sommes hospitalisés. Cependant, et c’est inhérent à chaque 
activité humaine, les choses ne se passent pas toujours comme prévu. Des événements 
indésirables peuvent survenir. 
Depuis toujours la médecine tente d’améliorer les soins de santé par la recherche de 
meilleurs traitements et de meilleurs modes d’administration de ces traitements. 
D’énormes efforts sont et doivent être consentis dans le but d’éviter les événements 
indésirables. Cependant la prévention, ne constitue qu’une des facettes de la gestion des 
événements indésirables dans la pratique médicale quotidienne. A côté celle-ci, il est 
nécessaire de disposer de solides outils de détection de ces incidents et  de protocoles 
robustes pour leur prise en charge dès qu’ils sont détectés.  
La technique de référence pour la détection des événements indésirables est l’analyse 
minutieuse de toutes les données médicales enregistrées. Cette technique est 
malheureusement très intensive en temps et en professionnels des soins de santé 
spécialement formés à cet effet. L’utilisation de bases de données administratives déjà 
disponibles et standardisées pourrait apporter une solution, moins exigeante en termes 
de ressources nécessaires et plus pragmatique.  
L’objectif de l’étude contenue dans ce rapport était donc de voir dans quelle mesure on 
pouvait exploiter ces banques de données administratives. Il s’agit d’un travail de 
pionnier en Belgique dont les résultats sont dès lors encore provisoires. Nous n’en 
remercions d’autant plus les huit hôpitaux qui ont accepté de participer à la collecte des 
données utiles pour tirer des premières conclusions et définir des orientations pour 
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Un événement indésirable est défini comme une lésion ou une complication non 
intentionnelle, entraînant une invalidité, la mort ou une prolongation de séjour 
hospitalier pour le patient et imputable à la gestion des soins hospitaliers plutôt qu’à la 
pathologie du patient. 
La prévalence internationale des événements indésirables dans les hôpitaux aigus a été 
évaluée comme étant comprise entre 2.9 % et 16.6 %, en fonction de type d’événement 
indésirable. Un constat qui souligne la nécessité d'améliorer les procédures de soins de 
manière à réduire le taux de complications dans les hôpitaux aigus. Toutefois, pour 
atteindre cet objectif, il convient de définir une procédure fiable d'identification de ces 
événements indésirables. Les diagnostics relatifs aux patients hospitalisés pouvant être 
retrouvés dans les bases de données administratives en utilisant les codes ICD-9-CM, 
ces codes constituent une source d'informations cliniques à la fois très peu onéreuse et 
d'accès immédiat. Ces bases de données font, depuis des années, l'objet d'examens 
minutieux dans le but de vérifier la pertinence des codes ICD-9-CM pour identifier les 
complications lorsqu’on veut comparer les performances des prestataires. Comme 
l’alimentation de la banque de données RCM (ensemble de données sur les sorties des 
hôpitaux) est obligatoire pour tous les patients hospitalisés dans les hôpitaux aigus,  elle 
peut être considérée comme représentative de l’activité desdits établissements en 
Belgique. Cet ensemble de données contient des éléments démographiques sur les 
patients, des informations sur le séjour hospitalier (date et type d'admission/de sortie, 
données sur les renvois, le service d'admission, la destination après la sortie, etc.), de 
même que des informations cliniques (diagnostics primaire et secondaires, ainsi que les 
procédures thérapeutiques telles que décrites dans la classification ICD-9-CM). 
L'objectif de la présente étude consiste à valider la précision des données 
administratives belges sur les séjours en hôpital (RCM) pour détecter valablement les 
événements indésirables. Cinq indicateurs ont été choisis parmi tous ceux contenus 
dans la littérature: plaies de decubitus, thrombose veineuse profonde ou embolie 
pulmonaire postopératoire (DVT/PE = " deep venous thrombosis or pulmonary 
embolism"), état septique postopératoire, pneumonie nosocomiale acquise sous 
ventilation mécanique (VAP = "Ventilator associated pneumonia") et infection de plaie 
postopératoire. Ce choix s'est fondé sur une prévalence suffisamment élevée de 
l'événement indésirable ainsi que sur la disponibilité d'une définition clinique claire et 
d'un algorithme de codage. Vu la faible probabilité de détection de quasi-accidents 
("near-misses") dans les dossiers médicaux aussi bien que de leur encodage dans les 
données administratives, nous nous sommes concentrés sur les événements 
indésirables. De même, comme les événements indésirables relatifs à l’administration de 
médicaments ne sont pas encodés dans les données administratives, nous n'avons pas 
étudié d'indicateurs de ce type. 
METHODOLOGIE 
Les 116 hôpitaux aigus belges ont été conviés à s'enrôler dans l'étude. Treize 
établissements flamands et huit wallons ont donné leur accord de participation. Une 
sélection de huit établissements a été effectuée en fonction de leur taille et de leur 
répartition géographique. 
Pour opérer la sélection des cas (les séjours en hôpital), on s'est fondé sur les données 
administratives relatives aux sorties de l'année d'enregistrement 2005. Le cas échéant, 
les années d'enregistrement 2004 et 2006 ont été utilisées pour obtenir un nombre 
suffisant de cas. 
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Les cinq indicateurs d'effets indésirables ont été calculés sur la base de données RCM 
des établissements sélectionnés. Vingt cas et vingt cas témoins par événement 
indésirable ont été choisis de manière aléatoire dans chaque hôpital, ce qui donne un 
total de 800 cas et 800 cas témoins. L'appariement avec les cas témoins s'est fondé sur 
la pathologie (APR-DRG), la gravité de la maladie (SOI = "Severity of illness"), l'âge, le 
sexe, l'année et le semestre de l'enregistrement. En raison du refus de participer dans 
certains cas ou de l'indisponibilité du dossier médical dans d’autres, 741 cas et 774 cas 
témoins ont finalement été retenus pour être inclus dans l'étude. 
Deux équipes constituées chacune de deux prestataires de soins de santé ont examiné 
les dossiers médicaux. Les dossiers médicaux de quatre hôpitaux ont été examinés par 
l’une des équipes, les dossiers médicaux des quatre autres par la deuxième équipe. Les 
dossiers médicaux ont été épluchés en utilisant un outil d'extraction de données dans le 
but d'utiliser une méthode normalisée de collecte de données et d'enregistrement. Cet 
outil proposait des critères cliniques stricts pour les 5 indicateurs choisis, en se fondant 
à la fois sur la littérature et l'avis des experts. 
Une comparaison entre la banque de données RCM et la revue des dossiers médicaux, a 
permis de calculer la valeur prédictive positive (VPP) pour chacun des cinq indicateurs 
de manière distincte. Ensuite, les cas pour lesquels la revue du dossier a mis en évidence 
un indicateur "présent à l'admission", ont été écartés, avec recalcul des valeurs 
prédictives positives. La banque de données RCM était considérée comme la valeur test 
tandis que la revue du dossier médical était considérée comme l’étalon.  
Pour chacun des événements indésirables, le degré de responsabilité imputable à la 
gestion des soins et d’évitabilité de l'événement indésirable ont été notés sur une 
échelle de 1 (absence de responsabilité et de possibilité de prévention) à 6 (pleine 
responsabilité et possibilité de prévention) par l'une des équipes. 
RÉSULTATS 
La banque de données RCM fait une distinction insuffisante entre un événement 
indésirable qui survient durant le séjour à l'hôpital et celui déjà présent à l'admission 
(PAA). Lorsqu’on exclu les événements présents à l’admission grâce à une vérification 
dans les dossiers médicaux, les résultats relatifs à l'indicateur de "plaies de decubitus" se 
modifient le plus avec une diminution de la sensibilité (64 % vs 58 %) et de la valeur 
prédictive positive (VPP 74 % vs 68 %) (Voir tableau 1). Toutefois, à l'exception de la 
pneumonie nosocomiale acquise sous ventilation mécanique et les plaies de decubitus, 
les autres indicateurs sont tous définis en tant que complications postopératoires et 
sont dès lors moins susceptibles d'être présents à l'admission. La pneumonie 
nosocomiale acquise sous ventilation mécanique n'est, par définition, jamais présente à 
l'admission et n'est donc pas sensible à cette correction. Le reste de cette section 
indique des valeurs dans lesquelles la présence à l'admission est exclue suite à la revue 
du dossier médical. 
Toutes les valeurs prédictives positives des événements indésirables absents au moment 
de l’admission à l’hôpital sont inférieures à la moyenne. Si l’on tient compte de la valeur 
prédictive positive minimale de 75% proposée par l’Agence pour la Recherche en Soins 
de Santé et la Qualité (Agency for Healthcare Research and Quality), aucun des 
indicateurs ne présente de bons résultats. Le seul indicateur se rapprochant de cette 
valeur minimale est l’indicateur des plaies de decubitus avec une valeur prédictive 
positive de 68%. Il semble donc que les indicateurs ne soient pas valides pour détecter 
correctement es événements indésirables identifiés comme tels dans les dossiers 
médicaux. 
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Overall 64.91 61.48 68.35 
Plaies de decubitus 74.52 68.60 80.44 
DVT/PE postopératoire 58.52 45.67 63.27 
État septique postopératoire 45.00 36.10 53.90 
Pneumonie nosocomiale acquise sous 
Ventilation mécanique 
29.94 23.19 36.69 
Infection de plaie postopératoire 69.06 62.99 75.13 
Overall, pas PAA 61.37 57.69 65.05 
Plaies de decubitus, pas PAA 68.07 60.98 75.16 
DVT/PE postopératoire, pas PAA 54.47 41.19 58.06 
État septique postopératoire, pas PAA 44.54 35.61 53.47 
Pneumonie nosocomiale acquise sous 
Ventilation mécanique, pas PAA 
29.94 23.19 36.69 
Infection de plaie postopératoire, pas 
PAA 
66.83 60.43 73.23 
A noter qu’une différence a été observée entre les deux équipes en matière d’évaluation 
de la cause de l’événement indésirable. La première équipe pointait plus souvent la 
responsabilité imputable à la gestion des soins et estimait plus souvent l’événement 
évitable. 
DISCUSSION 
En règle générale, les travaux antérieurs décourageaient le recours systématique aux 
codes ICD-9-CM pour quantifier la survenue d’événements indésirables. L'explication du 
peu d’événements indésirables détectés via les banques de données administratives est 
probablement multifactorielle. Parmi les causes possibles, évoquons notamment : 
l'absence d'incitants à leur codification et l’échec ou la réticence des cliniciens à dresser 
une liste exhaustive des diagnostics de complications lors de la sortie. De même, l’’ICD-
9-CM n'autorise pas toujours le codage d'un état de manière suffisamment spécifique 
pour faire le la différence entre un événement indésirable et une complication normale. 
Par exemple, le code ICD-9-CM pour l'état septique postopératoire ne fait aucune 
distinction entre l'état septique postopératoire, la septicémie hémorragique 
postopératoire et le choc cardiogène postopératoire. Par ailleurs, la base de données 
administrative ne fait souvent pas la distinction entre un état présent à l'admission et un 
événement indésirable qui survient au cours du séjour à l'hôpital. La nouvelle version du 
RCM, à compter du deuxième semestre 2008 et disponible à partir de 2010, contiendra 
ces informations. 
Dans la présente étude, une réévaluation détaillée des dossiers médicaux par indicateur 
a révélé que le sous-encodage, le sur-encodage  et des critères cliniques contraignants 
constituaient les causes les plus courantes de non-adéquation entre l'indicateur 
d'événement indésirable et le dossier médical.  
Compte tenu des résultats sur la responsabilité imputable à la gestion des soins et 
l'évitabilité des événements indésirables, il semble que les deux équipes aient interprété 
les questions de manière différente, ce qui remet en question la reproductibilité et la 
validité de ce volet de l'étude. 
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RECOMMANDATIONS 
CODAGE 
• Les données administratives devraient contenir une information 
mentionnant la présence d'un événement indésirable à l'admission.  
• La disponibilité et l'utilisation systématique de l'ensemble du dossier 
médical, y compris les notes de nursing, en plus de la lettre de sortie, 
améliorerait, en théorie, l’encodage. Dans le même ordre d'idées, un 
dossier médical standardisé pourrait faciliter les efforts en matière de 
codage. Une "traduction" plus précise du dossier médical dans le RCM 
permettrait également d'atténuer le problème du sous encodage. 
• L’enregistrement devrait se baser sur un dossier patient (médical et 
infirmier) informatisé, avec des flags permettant de quantifier les 
indicateurs validés. Cet enregistrement devrait être rendu obligatoire. 
• Le système de classification utilisé dans les données administratives 
devrait permettre un codage suffisamment affiné. Le passage à l’ICD-10 
pourrait améliorer la situation si les codes plus détaillés qui seront 
disponibles sont effectivement utilisés.  
• Avant d'envisager de l'utiliser en tant qu'indicateur d'événements 
indésirables, une vérification approfondie de chaque indicateur calculé 
grâce à une source alternative (par exemple, le dossier médical) devrait 
être effectuée. Les constats actuels de deltas importants au niveau des 
valeurs prédictives positives entre les différents indicateurs d'effets 
indésirables, empêchent toute généralisation à des indicateurs élaborés 
de la même manière. 
• Un algorithme standard sous une forme générique qui définirait le 
calcul dans tous les détails devrait être mis à disposition partout dans le 
pays, de même que la mise en œuvre d'un exemple dans au moins un 
langage informatique au choix. Ces algorithmes devraient de préférence 
être mis à disposition par le Service Public Fédéral pour la Santé 
Publique, la Sécurité de la Chaîne Alimentaire et l'Environnement.  
UTILISATION DES INDICATEURS 
• Aucun des indicateurs étudiés ici ne possède une valeur prédictive 
positive suffisamment élevées pour l'étalonnage sous leur forme 
actuelle. L'étalonnage demande une normalisation adéquate des taux 
bruts d'effets indésirables en utilisant les facteurs âge et de 
comorbidité, qui sont fortement influencés à leur tour par la 
casuistique de l'hôpital. A défaut, la comparaison entre les 
établissements serait fortement biaisée. Par ailleurs, le RCM n'est 
disponible que deux ans après les faits, empêchant ainsi une réaction 
rapide à des problèmes de qualité potentiels liés aux événements 
indésirables.  
• Aucun des indicateurs étudiés ici ne semble posséder une valeur 
prédictive positive suffisamment élevée pour être utiliser en tant que 
seul instrument de détection des événements indésirables dans un 
hôpital. Toutefois, la présence du dossier médical à l’hopital permet 
leur utilisation comme premier et relativement rapide outil de 
détection dans un programme plus vaste de prévention, détection et 
réaction à des événements indésirables dans le cadre de la gestion 
quotidienne de la qualité des soins de santé hospitaliers. Si l'on tient 
compte de toutes les restrictions précitées, ces indicateurs peuvent 
également faire office d'outil de suivi, bien qu'imparfait, au sein de 
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l'hôpital puisque la casuistique d'un établissement reste relativement 
stable dans le temps. 
RECHERCHES A POURSUIVRE 
• Des estimations sur la prévalence des événements indésirables seraient 
utiles étant donné le peu de données existantes en Belgique. 
• Au vu des résultats de la présente étude, un problème important 
semble être la valeur prédictive positive faible des indicateurs 
d'événements indésirables. Des recherches supplémentaires sont 
nécessaires pour affiner et normaliser les algorithmes actuels. En plus 
de travaux visant à améliorer le codage, ces recherches devraient 
augmenter valeur prédictive positive des indicateurs d'événements 
indésirables. 
• Des recherches ultérieures sont également indispensables sur 
l'ajustement du risque pour ces indicateurs. Ce n'est que lorsque toute 
la lumière aura été faite sur cette problématique et que de des 
recherches (avec des ressources importantes) sur la sensibilité et la 
spécificité auront produit des résultats, que ces indicateurs deviendront 
des outils utiles dans l'auto évaluation des hôpitaux en matière 
d’événements indésirables. 
• Cette étude tentait d’évaluer dans quelle mesure le management des 
effets indésirables en soin de santé était justifié et permettait d’éviter 
ces événements indésirables. Cependant, étant donné les résultats 
actuels, d’autres recherches approfondies, et d’abord de nature 
méthodologique plus adaptée semblent nécessaires.  
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1 INTRODUCTION 
Since the report “To Err is Human” by the Institute of Medicine (IOM) in 1999, 
attention was brought to the general public that adverse events in medicine are 
common and are one of the leading causes of morbidity and mortality within the United 
States.  The report estimates that 44 000 – 98 000 patients hospitalised in the United 
States die each year as a result of medical errors.  According to the report, between 3% 
and 4% of patients admitted to the hospital have adverse events resulting in injury or 
disability.  About 30% of these adverse events are thought to be preventable and 
represent suboptimal care 1.   
The effects of the IOM report were evident in at least 3 important areas.  First, the 
IOM report profoundly changed the way many health care professionals and managers 
think and talk about medical errors and injury.  Few individuals now doubt that 
preventable medical injuries are a serious problem.  The concept that bad systems, not 
bad people, lead to the majority of errors and injuries, which is a crucial scientific 
foundation for improvement of safety in all successful high-hazard industries, has 
become a mantra in health care.  It is much clearer now that the most effective method 
to improve either safety or quality overall is to change the systems2. In this regard, 
Longo et al defined “patient safety systems” as the various policies, procedures, 
technologies, services, and numerous interactions among them necessary for the proper 
functioning of hospital care3.  Safety is a characteristic of systems and not of their 
components.  Healthcare organizations must therefore develop a systems orientation to 
patient safety, rather than one that finds and attaches blame to individuals.  For 
example, root cause analysis – a technique developed in industries that take a systems 
approach – examines in detail medical errors in an attempt to find the real cause of the 
problem rather than simply continuing to deal with its symptoms, and to remove the 
root problem so the situation does not occur again3.  Following the IOM report, 
thirteen cases of medical errors were presented in the “Quality Grand Rounds: The 
Case for Patient Safety” in the hope that doing so might prevent another error4.   
The second major effect of the IOM report was to enlist a broad array of stakeholders 
to advance patient safety.  The first stakeholder was the federal government but after 
only 3 years of support, federal funding for patient safety research through the Agency 
for Healthcare Research and Quality (AHRQ) became almost entirely earmarked 
toward studies of information technology.  A host of nongovernmental organizations 
have made safety a priority.  The Joint Commission on Accreditation of Healthcare 
Organizations (JCAHO) has led the way, tightening up accountability within health care 
organizations and requiring hospitals to implement new safe practices.  Regional 
coalitions have sprung up across the country to facilitate stakeholders to work together 
to set goals, collect data, disseminate information, and provide education and training to 
improve safety.  The most important stakeholders however who have been mobilized 
are the thousands of devoted physicians, nurses, therapists, and pharmacists at the 
ground level – in the hospitals and clinics – who have become much more alert to safety 
hazards.  Most are making changes, not primarily in response to mandates, but rather to 
improve the quality of care for their patients.   
The third effect of the IOM report was to accelerate the changes in practice needed to 
make health care safe.  Initially, adoption of new safe practices was entirely voluntary.  
The JCAHO in 2003 required hospitals to implement 11 of a list of 30 evidence-based 
safe practices ready for implementation, including improving patient identification, 
communication, and surgical-site verification.  Furthermore, a major practice change 
occurred in teaching hospitals in 2003 when all residency training programs 
implemented new residency training work hour limitations. 
In spite of the growing patient safety movement however, health care isn’t 
demonstrably and measurably safer2, 5.  The premium placed on autonomy, the drive for 
productivity, and the economics of the system may lead to severe constraints and 
adverse medical events.  The unusual degree of stress that health care workers 
experience derives from at least 4 factors.  
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First, health care is one of the few risk-prone areas in which public demand considerably 
constricts the application of common-sense safety-enhancing solutions, such as limiting 
the flow and choice of incoming patients.  Second, health care is also one of the few 
risk-prone areas in which the system is extensively supported by novices, such as 
students, interns, and residents.  Third, health care is one of the few risk-prone areas in 
which so many obvious sources of human error exist in the system, yet little has been 
done to reduce them.  Sources of error include excessive fatigue on the job, systematic 
working of overtime, overloaded work schedules, and chronic shortage of staff.  Finally, 
an endemic source of errors in medicine is the shifting of more clinical care and 
technology to the ambulatory setting.  An important lesson from other industries is the 
move from training, regulation, and assessment of individuals to that of teams of health 
care providers.  Given the interdisciplinary nature of health care and the need for 
cooperation among those who deliver it, teamwork is critical to ensuring patient safety 
and recovery from and mitigation of error6. 
Another key barrier to making progress is a paucity of measures.  Identifying problems, 
measuring progress, and demonstrating that improvement has been achieved all depend 
on the availability of robust measures2.  In this regard, Thomas and colleagues presented 
a conceptual model of commonly used methods for measuring latent errors, active 
errors and adverse events7.  According to the author, latent errors include system 
defects such as poor design, incorrect installation, faulty maintenance, poor purchasing 
decisions, and inadequate staffing.  These are difficult to measure because they occur 
over broad ranges of time and space and they may exist for days, months, or even years 
before they lead to a more apparent error or adverse event directly related to patient 
care.  Active errors in contrast occur at the level of the frontline provider and are 
easier to measure because they are limited in time and space.  Therefore, some 
measurement methods are best for latent errors and others for active errors although 
some methods are able to detect both of them.  Table 1 shows the strengths and 
weaknesses of 8 measurement methods that have been used to measure errors and 
adverse events in health care7. 
Table 1 Advantages and disadvantages of methods used to measure errors 









Can suggest latent errors 
Familiar to health care 




Focused on diagnostic errors 






Can detect latent errors 
Hindsight bias 
Reporting bias 




Can detect latent errors 
Provide multiple perspectives 
over time 






Utilizes readily available data 
Inexpensive 
May rely upon incomplete and 
inaccurate data 
The data are divorced from 
clinical context 
Chart review Utilizes readily available data 
Commonly used 
Judgements about adverse 
events not reliable 
Expensive 




Inexpensive after initial 
investment 
Susceptible to programming 
and/or data entry errors 





Monitors in real time 
Integrates multiple data 
sources 
Expensive to implement 




Potentially accurate and 
precise  
Provides data otherwise 
unavailable 
Detects more active errors 
than other methods 
Expensive 
Difficult to train reliable 
observers 
Potential Hawthorne effect 
Potential concerns about 
confidentiality 
Possible to be overwhelmed 
with information 
Potential hindsight bias 
Not good for detecting latent 
errors 
Clinical surveillance Potentially accurate and 
precise for adverse events 
Expensive 
Not good for detecting latent 
errors 
The model suggests that a comprehensive monitoring system for patient safety might 
include combinations of the discussed measurement methods7.   
Michel and colleagues compared the effectiveness, reliability, and acceptability of 
estimating rates of adverse events and rates of preventable adverse events using three 
methods8 : cross sectional (data gathered in one day), prospective (data gathered during 
hospital stay), and retrospective (review of medical records).  An adverse event was 
defined as an unintended injury caused by medical management rather than by a disease 
process and which resulted in death, life threatening illness, disability at time of 
discharge, admission to hospital, or prolongation of hospital stay.  Preventable adverse 
events were those that would not have occurred if the patient had received ordinary 
standards of care appropriate for the time of the study.  Table 2 provides an overview 
of advantages and disadvantages of the three methods used to estimate adverse events 
rates. 
Table 2 Advantages and disadvantages of three methods used to estimate 
adverse event rates 8  
Method Advantages Disadvantages 
Prospective 
method 
Best effectiveness for identifying 
preventable errors 
Good reliability of judgment of 
iatrogenic nature of events 
Staff sufficiently involved 
Good appreciation of chain of events 






Rapid and easily renewed 
May be sufficient to justify 
implementation of risk reduction 
policy 
Good reliability of judgement of 
iatrogenic nature of events 
Consequences of lack of 
follow up during patient’s 
hospital stay 
Excessive workload 
Inadequate to serve as 
initial estimation 
Retrospective Good effectiveness 
Almost no workload for staff 
Data collection easily planned 
Difficulty to judge 
iatrogenic and preventable 
nature on basis of 
sometimes piecemeal data 
Lower face validity of 
results, especially for 
preventability judgment 
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According to Lilford et al, medical record review is the only method for which there 
are a substantial number of published estimates of reliability9.  Estimates of reliability 
however are usually not calculated in a way which allows comparison of studies or 
understanding the relative contribution of reviewers, their training, or the difficulty of 
the decision task.  It is known that the more the heterogeneity in the raters and the 
conditions studied, the lower will be the reliability.  The levels of sickness and fragility 
among patients make it difficult both to identify errors and to disentangle their effects 
from the progression of patients’ underlying diseases.  Moreover, intrinsic vagaries of 
judgment regarding errors in chart review exist, manifested in poor reliability among 
reviewers about what constituted adverse events and preventability5.  Explicit methods 
of error detection – in which the quality of care is assessed against predetermined 
criteria – are likely to have much better interobserver agreement but also considerably 
less sensitivity than implicit methods which are based on expert judgement9.  Therefore, 
we might expect some backing away from the notion of preventing accidental injury and 
more of a tilt toward effectiveness.  Gains in effectiveness, including compliance with 
guidelines, are more readily measured and compared and should lead to demonstrable 
improvements in morbidity and mortality across populations5. 
Given the growing interest in the safety of patients, the development of accurate 
methods for measuring the frequency, severity and preventability of adverse events 
remains an important area in health services research 10  Methods for finding events 
have included spontaneous voluntary reporting, solicited voluntary reporting, direct 
observation of health care personnel during routine clinical meetings, computerized 
screening algorithms and retrospective chart review. 
Medical records have so far been the primary source for researching medical errors and 
are considered to be the gold standard for monitoring adverse events 11 12.  They 
contain rich clinical details that allow identification of various medical injuries and near 
misses and analysis of circumstances and causes of errors. Table 3 shows an overview 
on studies regarding adverse events performed in acute hospitals based on 
retrospective medical record review.  A significant limitation of this system is that 
medical records are mostly in paper format or electronic format that is not readily 
usable for research.  Transforming medical records into research data is expensive, 
resource intensive and requires exceptional knowledge and skills in medical context and 
research 11.   
Table 3 : Adverse event rates in acute hospitals based on retrospective 
medical record review 
Publication 
year 
Country and Region Study Sample Patients with 
Adverse 
Events 
199113 USA, New York 51 hospitals  
(n=30,195) 
3.7% 
199514 Australia, New South Wales 28 hospitals  
(n=14,189) 
16.6% 
199915 USA, Utah and Colorado 28 hospitals  
(n= 14,700) 
2.9% 
200116 Denmark 17 hospitals  
(n=1,097) 
9.0% 
200117 England, Greater London area 2 hospitals  
(n=1,014) 
10.8% 
200218 New Zealand 13 hospitals  
(n=6,579) 
12.9% 
200419 Canada 20 hospitals  
(n=3,745) 
10.6% 
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Administrative data are a viable source and their potential in patient safety research is 
increasingly recognized. One approach was the development of screening measures 
based on routinely collected administrative data such as the patient safety indicators 
(PSI).  The most promising indicators for use as a screening tool were selected in order 
to provide an accessible and low-cost approach to identify potential problems in the 
quality of care related to patient safety21.   
Administrative data are readily available, inexpensive, computer readable, typically 
continuous, and often provide insight into the characteristics of large populations of 
patients 22 12.  Nevertheless, ICD-9-CM were originally created to assist in describing 
the prevalence of major causes of morbidity and mortality worldwide and adapted for 
use in hospital reimbursement with the advent of prospective payment in 1982 and are 
now being used for purposes for which they were never intended.  Lacking in detailed 
standard clinical definitions universally applied by medical record coders, the coding 
system is open to clinical and coding interpretation.  Medical records coders are 
dependent to some extent on what is dictated in the discharge summary by the 
physician or surgeon to guide them in coding both active diagnoses that constitute 
patient comorbid conditions and postoperative adverse events 22.  Furthermore, 
incentives exist for complete coding of diagnoses and procedures by hospitals because 
greater levels of severity and complexity often are rewarded by higher levels of 
reimbursement 23.  As a result, the accuracy and reliability of these data in describing 
diagnoses, procedures, operations, characteristics of individual patients, and adverse 
events has been repeatedly questioned 22 23.   
At present, administrative data are increasingly used for the detection of adverse 
events.  For instance, a retrospective analysis based on administrative data of all Belgian 
acute hospitals by Van den Heede et al revealed a prevalence of adverse outcomes of 
7.12% in the medical and 6.32% in the surgical group 12.  These data highlights the 
importance for the development and implementation of processes aimed at reducing 
the incidence and impact of preventable adverse events since they are a major cause of 
morbidity and mortality.   
The main objective of the present study is to assess whether the B-HDDS is a reliable 
source for the detection of 5 selected adverse events in acute Belgian hospitals.  The 
screened events are pressure ulcer, deep vein thrombosis/pulmonary embolism, 
postoperative sepsis, ventilator-associated pneumonia and postoperative wound 
infection.   
Firstly, this report will present a review of the literature on definitions and 
classifications of adverse events.  The methodology used for validation will be exposed, 
and then the results will be detailed.  Finally, those results will be discussed. 
Research questions of the project 
• On the basis of the international literature, how to define, classify and select 
the “adverse events”.  This part has two objectives: defining and classifying 
the adverse event concept (search 1) and listing candidate adverse event 
measures that can potentially be deducted from administrative databases 
(search 2).  The scope of the research only includes in-hospital stays in acute 
hospitals, except for obstetrical adverse events.  
• To translate the selected indicators from the literature review into 
algorithms, which allow the deduction from the Belgian administrative 
databases 
• To validate the methodology of screening Belgian administrative databases 
for a selection of adverse event measures. 
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2 LITERATURE REVIEW 
2.1 DEFINITION AND CLASSIFICATION OF ADVERSE EVENTS  
2.1.1 Methodology 
A systematic review of the literature was performed in PubMed from 1990 to 
December 2006.  Whenever possible MeSH terms were used.  The following search 
terms were used : medical errors a  (MeSH); in combination with either of the terms 
classification (MeSH) or definition.  
A total of 516 articles were retained initially.  494 articles were excluded based on the 
title of the article.  Another 8 and 6 articles were excluded after reading the abstract or 
complete article respectively.  The reasons for exclusion were: article not about 
adverse events, classification or definition; articles only related to nursing practice, 
hospital pharmacy, hospital laboratory, family practice, anatomic pathology or paediatric 
patients.  A total of 8 articles were of particular interest and thus selected.   
Five articles from references of the 8 selected articles were valuable for this part.  
Another 16 articles were brought in by experts on this matter. 
2.1.2 Definition of Adverse Events 
No universal definitions for descriptive terminology used within patient safety literature 
currently exist.  This is one of the factors resulting in varying estimates of the 
prevalence of adverse events and medical errors 24 25 26. 
2.1.2.1 General definitions of adverse events 
According to Zhang et al 27, Reason’s definition of human error is the most widely 
accepted: an error is a failure of achieving the intended outcome in a planned sequence 
of mental or physical activities.  According to Reason, human errors are divided into 
two major categories: (1) slips that result from the incorrect execution of a correct 
action sequence and (2) mistakes that result from the correct execution of an incorrect 
action sequence. Furthermore, the human error problem can be viewed in two ways : 
the person approach and the system approach.  The longstanding and widespread 
tradition of the person approach focuses on the unsafe acts – errors and procedural 
violations – of people at the sharp end : nurses, physicians, surgeons, anaesthetists, 
pharmacists, and the like.  Followers of this approach tend to treat errors as moral 
issues, assuming that bad things happen to bad people.  The basic premise in the system 
approach on the other hand is that humans are fallible and errors are to be expected, 
even in the best organisations.  Errors are seen as consequences rather than causes, 
having their origins not so much in the perversity of human nature as in ‘upstream’ 
systemic factors.  The person approach remains the dominant tradition in medicine.  
Nevertheless, the person approach has serious shortcomings and is ill suited to the 
medical domain.  Indeed, continued adherence to this approach is likely to thwart the 
development of safer healthcare institutions.  Another serious weakness of the person 
approach is that by focusing on the individual origins of error it isolates unsafe acts from 
their system context.  
                                                     
a  As no MeSH term is available for ‘adverse event’, we used ‘medical errors’ a MeSH term whose scope covers 
“Errors or mistakes committed by health professionals which result in harm to the patient. They include 
errors in diagnosis (DIAGNOSTIC ERRORS), errors in the administration of drugs and other medications 
(MEDICATION ERRORS), errors in the performance of surgical procedures, in the use of other types of 
therapy, in the use of equipment, and in the interpretation of laboratory findings. Medical errors are 
differentiated from MALPRACTICE in that the former are regarded as honest mistakes or accidents while the 
latter is the result of negligence, reprehensible ignorance, or criminal intent”   
 http://ovidsp.tx.ovid.com/spb/ovidweb.cgi 
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Defences, barriers, and safeguards occupy a key position in the system approach.  In an 
ideal world each defensive layer would be intact.  In reality, however, they are more like 
slices of Swiss cheese, having many holes which are continually opening, shutting, and 
shifting their location.  The presence of holes in any one ‘slice’ does not normally cause 
a bad outcome.  Usually, this can happen only when the holes in many layers 
momentarily line up to permit a trajectory of accident opportunity.  The holes in the 
defences arise for two reasons : active failures and latent conditions.  Nearly all adverse 
events involve a combination of these two sets of factors.  Active failures are the unsafe 
acts committed by people who are in direct contact with the patient or system.  Latent 
conditions are the inevitable ‘resident pathogens’ within the system.  They have two 
kinds of adverse effect : they can translate into error provoking conditions within the 
local workplace and they can create long lasting holes or weaknesses in the defences.  
Unlike active failures, latent conditions can be identified and remedied before an 
adverse event occurs28. 
The World Health Organization (WHO) defined an adverse event as an incident which 
results in harm to a patient .  Harm implied impairment of structure or function of the 
body and/or any deleterious effect arising there from.  Harm included disease, injury, 
suffering, disability and death and may thus be physical, social or psychological.  A near 
miss was an incident that did not cause harm (also known as a close call).  Finally, 
preventability has been defined as being accepted by the community as avoidable in the 
particular set of circumstances. 
In the Harvard Medical Practice Study I,” an adverse event was defined as an injury that 
was caused by medical management (rather than the underlying disease) and that 
prolonged the hospitalization, produced a disability at the time of discharge, or both”.  
They defined negligence as care that fell below the standard expected of physicians in 
their community13.  In the Harvard Medical Practice Study II 29, an adverse event was 
considered an operative complication if it occurred within the first two weeks after 
surgery or if it was thought to have been caused by the operation, regardless of when it 
occurred.  Operative complications were sub-classified as technical, non-technical, 
related to wound infections, caused by surgical failure or late.  Non-operative categories 
of injuries included those that were related to a procedure (which were further 
classified in the same manner as the operative complications), diagnostic mishaps, 
therapeutic mishaps, and those related to drugs.   
The Institute of Medicine (IOM) defines adverse events as ‘injuries caused by medical 
management rather than by underlying disease or condition of the patient’ 12 24, 30 17 31 32.  
In contrast to the Harvard Medical Practice Study, this definition of adverse event did 
not require prolongation of hospitalization or disability on discharge.  A non-
preventable adverse event is an unavoidable injury due to appropriate medical care.  A 
preventable adverse event is an injury due to a non-intercepted serious error in medical 
care 31.   
Furthermore, the IOM defines a medical error as ‘the failure of a planned action to be 
completed as intended or the use of a wrong plan to achieve an aim’.  A preventable 
adverse event is an adverse event that results from an error.  Medical errors occur 
much more frequently than adverse events and medication errors outnumber adverse 
drug events by 100-1 24.   
A serious medical error is a medical error that causes harm (or injury) or has the 
potential to cause harm.  It includes preventable adverse events, intercepted serious 
errors, and non-intercepted serious errors.  It does not include trivial errors with little 
or no potential for harm to non-preventable adverse events.  An intercepted serious 
error is a serious medical error that is caught before reaching the patient.  A non-
intercepted serious error is a serious medical error that is not caught and therefore 
reaches the patient but because of good fortune or because the patient had sufficient 
reserve to buffer the error, it did not cause clinically detectable harm 31.   
Handler et al claim that emergency medicine should adopt the definitions that are 
consistent with the Institute of Medicine report ‘To Err Is Human’, the USP (U.S. 
Pharmacopeial Convention) taxonomy, and the major studies in the medical literature.  
As a result, they recommend the following definitions33:  
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Error failure of a planned action to be completed as intended (error of 
execution) or use of a wrong plan to achieve an aim (error of 
planning); the accumulation of errors results in accidents 
Active error an error that occurs at the level of the frontline operator and whose 
effects are felt almost immediately 
Latent error errors in the design organization, training, or maintenance that lead to 
operator errors and whose effects typically lie dormant in the system 
for lengthy periods of time 
Slip errors an error of execution when the action conducted was not what was 
intended; the wrong action is observable 
Lapse errors an error of execution when the action conducted was not what was 
intended; the wrong action is not observable 
Mistake an error in which the action proceeds as planned but fails to achieve 
its intended outcome because the planned action was wrong; error of 
planning 
Accident an event that involves damage to a defined system that disrupts the 
ongoing or future output of the system 
Patient safety freedom from accidental injury; ensuring patient safety involves the 
establishment of operational systems and processes that minimize the 
likelihood of errors and maximize the likelihood of intercepting them 
when they occur 
Quality of 
care 
degree to which health services for individuals and populations 
increase the likelihood of desired health outcomes and are consistent 
with current professional knowledge 
Adverse event an injury resulting from a medical intervention 
Preventable 
adverse event 
an injury that occurs as a result of medical error; with standard 





a medical error that could have resulted in injury 
McNutt et al specifically separate adverse events, failures and errors 34.  They define 
error only at the deepest reaches of the medical care system, because they are 
concerned that examining only adverse events and their proximate failures may not lead 
to lasting and significant change in the systems of care.  In their model for medical failure 
adverse events can be caused by multiple failures that, in turn, can be caused by multiple 
errors interacting in complex ways.   
In the research paper by Considine 35 an adverse event is defined as “an unintentional 
injury or complication resulting in disability, death or prolonged hospital stay that is a 
result of health care management rather than the patient’s underlying disease”.  A 
preventable adverse event was defined in the Quality in Australian Health Care Study as 
an “error in (patient) management due to failure to follow accepted practice at an 
individual or system level”.   
Kellogg and Havens 36 reviewed the literature of adverse events.  According to Walshe 
an adverse event is “a happening, incident, or set of circumstances which exhibits three 
key characteristics to some degree:  
Negativity an event that by its very nature, is undesirable, 
untoward or detrimental to the health care process or 
to the patient 
Patient involvement/impact a continuum along which definitions of adverse events 
may fall.  For instance, definitions at one end of this 
spectrum include events with potential but no actual 
negative patient impact, whereas definitions at the 
opposite end of the spectrum require an identifiable 
negative impact to the patient 
Causation event must be a result of the health care process, not 
of a patient’s actions or the disease process itself 
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A review on patient safety by Etchells and al 37 describes an error as “the failure of a 
planned action to be completed as intended (error of execution) or the use of the 
wrong plan to achieve an aim (error of planning)”.  A close call is an event that almost 
leads to patient harm but is avoided because of luck or timely interception.  An adverse 
event, or complication, is “any unintended result of medical treatment that results in 
prolonged hospital stay, morbidity, or mortality; it may also be an injury caused by 
medical management rather than by the underlying condition of the patient”.  If an 
adverse event is cause by error(s), it is preventable.   
Grober and Bohnen 38 reviewed the literature on defining medical error.  Historically, 
patient safety researchers investigating the impact of error in medicine have adopted 
outcome-dependant definitions of medical error and its surrogate terms, and have 
limited their focus to patients experiencing adverse outcomes or injury as a 
consequence of medical care.  Outcome-dependant definitions of medical error have 
provided valuable insight into the costs, morbidity and magnitude of harm resulting from 
such events.  Nonetheless, quality improvement initiatives require understanding of the 
processes that lead to such errors.  Therefore, according to the author, a definition of 
medical error should capture process or system failures that cause errors, irrespective 
of outcome (a process-dependant approach).  Ideally, process-dependant definitions of 
medical error should capture the full spectrum of medical errors, namely, errors that 
result in adverse patient outcomes as well as those that expose patients to risk but do 
not result in injury or harm.  Errors that do not result in injury are often referred to as 
near misses, close calls, potential adverse events or warning events.  The authors 
propose the following outcome- and process-dependant definition of medical error: “an 
act of omission or commission in planning or execution that contributes or could 
contribute to an unintended result”.  This definition of medical error includes explicitly 
the key domains of error causation (omission and commission, planning and execution), 
and captures faulty processes that can and do lead to errors, whether adverse 
outcomes occur or not.   
In a review of medical records in New South Wales and South Australia, Wilson 14 
defined an adverse event as “an unintended injury or complication which results in 
disability, death or prolongation of hospital stay, and is caused by health care 
management rather than the patient’s disease”.   
Guse 39 employed the definition of medical injury as “any untoward harm associated 
with a therapeutic or diagnostic health care intervention”.   
2.1.2.2 Function related definition 
Johnstone and Kanitsaki 40 concentrated on nursing errors as opposed to errors in 
general.  Here, a nursing error is defined as “a discipline-specific term that encompasses 
an unintended ‘mishap’ made by a nurse and where a nurse is the one who is situated at 
the ‘sharp end’ of an event that adversely affected – or could have adversely affected – a 
patient’s safety and quality care”.  In short, a nursing error is that in which a nurse 
stands as being the last causally and critically linked person to an unintended ‘effect’.    
2.1.2.3 Disability, causation and preventability definitions 
Disability was temporary or permanent impairment of physical function (including 
disfigurement) or mental function or prolonged hospital stay (even in the absence of 
such impairment).  Temporary disability included adverse events from which complete 
recovery occurs within 12 months.  Permanent disability included adverse events which 
caused permanent impairment or which resulted in permanent institutional or nursing 
care or death. 
Causation was present if the adverse event was caused by health care management 
rather than the disease process.  It included acts of omission (failure to diagnose or 
treat) and acts of commission (incorrect treatment or management).  A scale from 1 – 6 
was used to determine whether an adverse event was caused by health care 
management or the disease process 14 41, 42. 
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1 virtually no evidence for management causation 
2 slight-to-modest evidence for management causation 
3 management causation not likely, less than 50-50 but close call 
4 management causation more likely than not, more than 50-50 but close call 
5 moderate/strong evidence for management causation 
6 virtually certain evidence for management causation 
To determine the incidence and types of preventable adverse events in elderly patients, 
Thomas 41, 42 defined an adverse event as “an injury caused by medical management 
(rather than the disease process) that resulted in either prolonged hospital stay or 
disability at discharge”.  A confidence score of four or greater was required from the 
reviewing physician to indicate the presence of an adverse event.  An adverse event was 
considered preventable if it was avoidable by any means currently available unless that 
means was not considered standard care.  Davis 18 used the same operational definition 
in a study in New Zealand.   
Preventability of an adverse event was assessed as “an error in management due to 
failure to follow accepted practice at an individual or system level”; accepted practice 
was taken to be ‘the current level of expected performance for the average practitioner 
or system that manages the condition in question’.  The degree of preventability was 
scored on a 1 – 6 scale, grouped into 3 categories 14 :  
No preventability 
1 virtually no evidence for preventability 
Low preventability 
2 slight-to-modest evidence for preventability 
3 preventability not likely, less than 50-50 but close call 
High preventability 
4 preventability more likely than not, more than 50-50 but close call 
5 strong evidence for preventability 
6 virtually certain evidence for preventability 
2.1.3 Classification of Adverse Events 
Consensus about specific methods for measuring quality remains elusive.  Donabedian’s 
classic framework43 delineated 3 dimensions:  
1 structure, or the 
characteristics of a health care 
setting 
for example, the physical plant, available technology, 
staffing patterns, credentialing procedures and decision 
support system 
2 process, or what is done to 
patients; inclusive 
appropriateness of services 
errors of omission (failing to do necessary things), errors 
of commission (doing unnecessary things or doing them 
wrongly), errors of execution ( the failure of a planned 
action to be completed as intended) and errors of 
planning (use of a wrong plan to achieve an aim) : medical 
error, medication error, inappropriate drug prescription, 
near miss 
3 outcomes, or how patients do 
after health care interventions 
medical injury, adverse event, adverse drug event, 
iatrogenic illness, nosocomial infection, complication 
The 3 dimensions are intertwined, but their relative utility depends on context 44 45.  
Outcomes that are not linked to specific medical practices provide little guidance for 
developing quality-improvement strategies.  However, only a few links between 
processes and outcomes are backed by solid evidence from well-controlled studies.  
Furthermore, comparing outcomes across groups frequently requires adjustment for 
patient risk and the recognition that some patients are sicker than others 44. Process 
measures are highly acceptable to providers because they demonstrate clearly how 
providers can improve their outcomes.  Clinicians are also more accountable for the 
process of care than outcomes, which are affected by many other factors46.  In general, 
there is considerable debate regarding whether quality measures should evaluate 
processes or outcomes of care47.  One attraction of outcome measurement is that it is 
a measure of something that is important in its own right.  Furthermore, outcome 
measurement will reflect all aspects of the processes of care and not simply those that 
are measurable or measured.  Finally, data to construct simple rates are available from 
routine information systems48.   
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An advantage of process measures is the ability to provide feedback for quality 
improvement initiatives. Secondly, most process measures require less risk adjustment 
for patient illness than do most outcome measures.  Thirdly, process measures can 
usually be collected more quickly than outcome data47.  Fourtly, process measures are 
more sensitive than outcome measure to differences in the quality of care and they are 
easy to interpret48.  On the other hand, there are several disadvantages to process 
measures.  Firstly, to be valid, there must be a strong relationship between the process 
and outcome measures.  This relationship may be weak or non-existent for many 
processes even when they are truly linked to outcomes.  Secondly, demonstrating the 
link between process and outcome is prohibitively expensive and often impossible to 
achieve for any one organization.  Thirdly, while providers may care about process 
measures, patients and non-clinicians generally place little value on them.  Fourthly, 
most feasible process measures are usually indicators for a very specific element of the 
care process rather than comprehensive measures of how care is delivered47.  
Whatever health care quality measure is used, it is imperative that the measures are 
meaningful, scientifically sound, generalizable, and interpretable.  In order to achieve 
this, Rubin et al proposed steps and issues in developing and testing process-based 
measures of health care quality.  According to the author, initial steps required to 
develop process measures will include: (1) defining the audience and the purpose of 
measurement; (2) choosing the clinical area to evaluate; (3) organizing the measurement 
team; (4) selecting the process criterion; (5) writing the measure specifications; (6) 
performing preliminary tests; and (7) developing scoring and analytical specifications46. 
Reason 49 claims that cognitive factors are critical at various levels of the healthcare 
system hierarchy of medical errors.  At the lowest core level, it is individuals who 
trigger errors.  At the next level, errors can occur due to interactions between an 
individual and technology.  This is an issue of human-computer interaction where 
cognitive properties of interactions between human and technology affect and 
sometimes determine human behaviour.  At the next level, errors can be attributed to 
the social dynamics of interactions between groups of people who interact with 
complex technology in a distributed cognitive system.  This is the issue of distributed 
cognition and computer-supported cooperative work.  At the next few levels up, errors 
can be attributed to factors of organizational structures (e.g. coordination, 
communications, standardization of work process), institutional functions (e.g. policies 
and guidelines), and national regulations.  In this system hierarchy of human errors in 
medicine, it is clear that individuals are at the last stage of the chain, although the 
individuals may not be the root cause of the error.  If the chain of events can be 
stopped at the individual’s stage through cognitive interventions, errors could be 
potentially prevented.  Zhang claims that the cognitive theory of human action most 
appropriate for medical errors is the seven-stage action theory developed by Norman 
and refined by Zhang and colleagues.  According to this theory, any action has seven 
stages of activities: (1) establishing the goal; (2) forming the intention; (3) specifying the 
action specification; (4) executing the action; (5) perceiving the system state; (6) 
interpreting the state; and (7) evaluating the system state with respect to the goals and 
intentions.  Errors can occur at any of the seven stages of action and between any two 
adjacent stages : due to incorrect translation from goals to intentions, incorrect action 
specifications from intentions, incorrect execution of actions, misperception of system 
state, misinterpretation of data perceived, and misevaluation of interpreted information 
with regard to the goal of the task. 
Chang et al developed and applied a method of classification that was based on 
evaluations of extant taxonomies and reporting systems with feedback from individuals 
who would use the taxonomy50.  Their review of the literature reinforced the fact that 
various approaches used in the health care sector to define and classify near misses, 
adverse events, and other patient safety concepts have generally been fragmented.  
Homogeneous elements of previous models were categorized into five complementary 
root nodes, or primary classifications. 
1. Impact – the outcome or effects of medical error and systems 
failure, commonly reffered to as harm to the patient. 
2. Type – the implied or visible processes that were faulty or failed. 
3. Domain – the characteristics of the setting in which an incident 
occurred and the type of individuals involved. 
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4. Cause – the factors and agents that led to an accident. 
5. Prevention and mitigation – the measures taken or proposed to 
reduce incidence and effects of adverse occurrences. 
The ‘Impact’ classification comprised three subclassifications that could discriminate 
between 18 types of outcomes or effects (harm).  The harm index was based on the 
NCC-MERP Medication Error Taxonomy51.   The ‘Type’ classification included three 
levels that address communication, patient management, and clinical performance.  The 
‘Domain’ classification included the types of health care professionals commonly 
involved in patient care and the demographics of patients in a variety of health care 
settings where events might have occurred.  The principal nodes of the ‘Cause’ 
classification comprised two subclassifications : system (process/structure) failures and 
human failures.  Finally, three types of ‘Prevention and mitigation’ were identified : 
universal, selective, and indicated.  The ‘universal’ subclassification covered preventive 
and corrective measures that are designed for everyone in the eligible population.  
Prevention and mitigation measures that are directed toward a subgroup of the 
population whose risk of adverse evetns is above average were grouped in the 
‘selective’ subclassification.  Lastly, the ‘indicated’ subclassification combined 
interventions that are targeted to specific high-risk individuals identified as having a 
minimal but detectable risk for sustaining an adverse event50. 
According to Etchells and collaborators 37, most preventable adverse events are not 
only the result of human error but are due to defective systems that allow errors to 
occur or go undetected.  Therefore, a reasonable approach is to break the causes down 
into organizational factors, situational factors, team factors, individual factors, task 
factors and patient factors. 
Organizational factors adequate personnel and equipment, scheduling and timing of 
procedures, substitution of usual team members with new members 
Situational factors distractions, interruptions, physical conditions and equipment design, 
including monitors and displays 
Team factors communication, confidence in team members and the ability to deal 
with unexpected events 
Individual factors mental readiness, technical performance and fatigue 
Task factors relate to the clarity of the task at hand, including clear protocols and 
accurate available information; they are important causes of drug 
events 
Patient factors obesity, anatomic variation, disease severity and co-morbidity 
Johnstone and Kanitsaki40 used 8 categories of nursing errors as described by Benner et 
al.  Taxonomy of nursing errors is the following:  
 Examples 
Lack of attentiveness missed predictable complications, such as a 
postoperative haemorrhage 
Lack of agency/fiduciary concern failure to advocate for the patient’s best 
interests/failure to question a doctor’s 
inappropriate directives 
Inappropriate judgement failure to recognise the implications of a patient’s 
signs and symptoms 
Medication error wrong drug, wrong route, wrong amount 
Lack of intervention on the patient’s 
behalf 
failure to follow up on signs of hypovolemic 
shock 
Lack of prevention failure to prevent threats to patient safety such as 
via breaches of infection control precautions 
Missed or mistaken doctor/health 
care provider’s orders 
carrying out inappropriate orders/mistaking 
orders, resulting in an erroneous intervention 
Documentation errors charting procedures or medications before they 
were completed/failure to chart observations 
Others52 53 described 5 categories of harm based on the National Coordinating Council 
for Medication Error Reporting and Prevention (NCC MERP51) classifications of errors: 
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Category A no error circumstances or events that have the capacity to 
cause error 
Category B error, no harm an error occurred but the error did not reach the 
patient 
Category C error, no harm an error occurred that reached the patient bud did 
not cause patient harm 
Category D error, no harm an error occurred that reached the patient and 
required monitoring to confirm that it resulted in no 
harm to the patient and/or required intervention to 
preclude harm 
Category E  harm that contributed to or resulted in temporary 
harm to the patient and required intervention 
Category F  harm that contributed to or resulted in temporary 
harm to the patient and required initial or prolonged 
hospitalization 
Category G  harm that contributed to or resulted in permanent 
patient harm 
Category H  harm that required intervention to sustain life 
Category I  harm that contributed to or resulted in the death of 
a patient 
As stated before, preventability of an adverse event was assessed as “an error in 
management due to failure to follow accepted practice at an individual or system level”.  
The degree of preventability was scored on a 1 – 6 scale, grouped into 3 categories14:  
2.1.4 Current selection 
Although ‘near misses’ are important regarding overall quality improvement, an injury 
which doesn’t cause harm or no clinically detectable harm will unlikely be found in the 
medical record, nor will it be coded in administrative data.  The same can be concluded 
for latent errors.  Therefore, only adverse events which resulted in disability or 
prolongation of hospital stay were retained.  In this regard, for the purpose of 
comparing the results on administrative data with those on medical record review, the 
definition of an adverse event by Wilson et al14 was the most complete in evaluating the 
adverse events apart from detecting them in the medical records.  According to Wilson, 
three conditions have to be met in order to conclude to an adverse event : 
1. an unintended injury or complication which 
2. results in disability, death or prolongation of hospital stay,  
3. is caused by health care management rather than the patient’s 
disease 
The 6-point Likert scale for causation and preventability will also be used 14.     
Although the classification by the NCC (MERP)51 was used for medication error 
reporting, it also can be used to describe categories of harm for error in general: 
Category E harm that contributed to or resulted in temporary harm to the patient 
and required intervention 
Category F harm that contributed to or resulted in temporary harm to the patient 
and required initial or prolonged hospitalization 
Category G harm that contributed to or resulted in permanent patient harm 
Category H harm that required intervention to sustain life 
Category I harm that contributed to or resulted in the death of a patient 
Based on an analytical framework of the JCAHO patient safety event taxonomy, the 
linkages (Figure 1) between defining adverse events and their appreciation on causation 
and harm provides an organized approach to guide the retrospective process of 
identifying the factors (causes) that contribute to adverse events leading to a certain 
disability or harm (impact) to the patient in a certain domain of health care50. 
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Figure 1  Connection between adverse events – chart review- classification 
Causes
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  Combination
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  Level of disability
  or harm
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2.1.5 Summary of definitions and classifications of adverse events 
Table 4 Summary of definitions and classifications of adverse events in the literature 
Type Author Definition 
General definition Reason Human error : failure of achieving the intended outcome in a planned sequence of mental or physical activities 
        - Slips : incorrect execution of a correct action sequence 
    
- Mistakes : correct execution of an incorrect action sequence 
Human error as person approach : unsafe acts – errors and procedural violations – of people at the sharp end 
Human error as system approach : errors as consequences rather than causes,having their origins not so much in the 
perversity of human nature as in ‘upstream’ systemic factors 
 
WHO 
Adverse event : incident which results in harm to a patient, including disease, injury, suffering, disability and death 
Near miss : incident that did not cause harm (close call) 
Preventability : being accepted by the community as avoidable in the particular set of circumstances 
  Brennan Adverse event : an injury that was caused by medical management (rather thand the underlying disease) and 
    that prolonged the hospitalization, produced a disability at the time of discharge, or both 
    Negligence : care that fell below the standard expected of physicians in the community 
  IOM Adverse event : injuries caused by medical management rather than by underlying disease or condition of 
    the patient 
        - Non-preventable adverse event : unavoidable injury due to appropriate medical care 
        - Preventable adverse event : injury due to a non-intercepted serious error in medical care 
    Medical error : the failure of a planned action to be completed as intended or the use of  a wrong plan to 
    achieve an aim 
        - Serious medical error : medical error that causes harm (or injury) or has the potential to cause harm; 
          includes preventable adverse events, intercepted serious errors, and non-intercepted serious errors 
  Wilson Adverse event : an unintended injury or complication which results in disability, death or prolongation of 
    hospital stay, and is caused by health care management rather than the patient's disease 
  Kellogg Adverse event : a happening, incident, or set of circumstances which exhibits 3 key characteristics to some degree : 
        1) Negativity : undesirable, untoward or detrimental to the health care process or to the patient 
        2) Patient involvement/impact 
        3) Causation : event must be a result of the health care process 
Function related definition Johnstone Nursing error : discipline-specific term; an unintended 'mishap' made by a nurse and where a nurse is the one who 
    is situated at the 'sharp end' of an event that adversely affected - or could have adversely affected - a patient's safety 
    and quality care 
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Type Author Definition 
Disability Wilson Disability : temporary or permanent impairment of physical or mental function or prolonged hospital stay 
        - Temporary disability : adverse events with complete recovery within 12 months 
        - Permanent disability : adverse events which caused permanent impairment or which resulted in permanent 
          institutional or nursing care or death 
Causation Wilson Causation : adverse event caused by health care management rather than the disease process 
        - Acts of omission : failure to diagnose or treat 
        - Acts of commission : incorrect treatment or management 
Preventability Wilson Preventability : an error in management due to failure to follow accepted practice at an individual or system level 
Classification adverse events Donabedian 3 dimensions :  
        1) Structure : characteristics of a health care setting 
        2) Process : what is done to patients 
        3) Outcomes : how patients do after health care interventions 
  Zhang Cognitive factors : critical at various levels of the healthcare system hierarchy of medical errors 
        - Individuals triggering errors 
        - Errors due to interactions between an individual and technology 
        - Distrubed systems : interactions among individuals and interactions between groups of people and technology 
        - Organizational structures : coordination, communication, and standardization of work process, skills, input and output 
        - Institutional funcitons : policy, guidelines 
        - National regulations 
  Etchells Defective systems :  
        - Organizational factors 
         - Situational factors 
        - Team factors 
        - Individual factors 
        - Task factors 
        - Patient factors 
  Johnstone 8 categories of nursing errors : 
        - Lack of attentiveness 
        - Lack of agency/fiduciary concern 
        - Inappropriate judgement 
        - Medication error 
        - Lack of intervention on the patient's behalf 
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Type Author Definition 
        - Lack of prevention 
        - Missed or mistaken doctor/health care provider's orders 
        - Documentation errors 
  NCC (MERP) 5 categories of harm :  
        - Category E : harm that contributed to or resulted in temporary harm to the patient and required intervention 
        - Category F : harm that contributed to or resulted in temporary harm to the patient and required initial or 
           prolonged hospitalization 
        - Category G : harm that contributed to or resulted in permanent patient harm 
        - Category H : harm that required intervention to sustain life 
        - Category I : harm that contributed to or resulted in the death of a patient 
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2.2 INDICATORS IN THE LITERATURE 
2.2.1 Methodology 
A systematic review of the literature was performed in Ovid MEDLINE and EMBASE 
from 1990 to the first week of February 2007.  Whenever possible, MeSH terms were 
used.  The final formula used as search strategy was: (“administrative data” OR 
“”international classification of diseases” [MeSH] OR “ICD-9-CM”) AND (“medical 
errors” [MeSH] OR “safety management” [MeSH] OR “outcome assessment (Health 
Care)” [MeSH] OR complication$ OR safety OR “adverse event” OR “adverse events” 
OR “iatrogenic disease” [MeSH]).  The search was limited to articles written in English, 
French or Dutch.   
The purpose of the study was to validate some “safety” indicators which can be 
obtained from administrative data available in hospitals.  To be included, articles have to 
provide information about indicator purpose and construction in sufficient detail.  
Disease- and condition-specific papers without general importance were not included.  
We also excluded articles dealing with children or obstetric patients who are very 
specific populations or articles addressing only long term care or psychiatric facilities.  
Finally, articles describing ICD-9-CM algorithms were preferred because administrative 
data in Belgium use this international classification.   
A total of 401 articles were obtained by searching on PubMed and 376 articles by 
searching on EMBASE (Figure 2).  128 citations were found in both databases.  On the 
basis of the titles or abstracts, 86 articles were selected.  After reading the full text of 
these articles, we kept 35 articles of interest.  The screening of the reference lists 
provided another 10 articles for inclusion.  
Figure 2 Results of literature search in the indexed literature 
 
Search strategy Ovid Medline 
401 articles 
Screening of abstracts 
Reading of full-text 
Screening of reference lists:  








49 citations excluded: 
not population of 
interest, not about 
acute hospitals, lack 
of information, … 
128 common citations 
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2.2.2 Results of the literature search 
Many indicators of adverse events in acute hospitals were found in the literature.  We 
selected 5 indicators for the medical record reviewing because it is beyond the scope of 
this study to evaluate all of them.  The selection of indicators was based on several 
criteria: in order of importance, a sufficiently high prevalence, a clear clinical definition, 
coding validity in literature and expert opinion regarding the national and international 
literature.   
The prevalence of events was found in previous works on Belgian administrative data 12 
54 or in the international literature.  The prevalence limit for selecting an indicator was 5 
cases per 1000 population at risk.  An event must be found frequently enough to obtain 
a sufficient amount cases in the participating hospitals (see second part of this study).    
It was also important that a clear definition of the selected adverse events was provided, 
and then identify clinical criteria describing the event in a similar fashion for the different 
reviewers.  Clear clinical criteria have to be found in order to minimize possible 
interrater variability.   
Validity and specificity of the indicators must have been analysed in the international 
literature and be sufficiently frequent to be considered.   
Chosen adverse events were part of indicators selected for patient safety at the health 
systems level in OECD countries 55.  This project presents the consensus 
recommendations of an international expert panel on indicators for patient safety.   
For this study, five indicators were selected on the basis of their prevalence, the 
availability of clinical criteria definition and their validity in the literature:  
1. Postoperative pulmonary embolism or deep vein thrombosis  
2. Postoperative sepsis 
3. Decubitus ulcer 
4. Ventilator-acquired pneumonia 
5. Postoperative wound infection  
Later in this chapter, we propose a summary as well as detailed evidence for each of the 
five selected indicators.  For each of them, detailed evidence will be the definition of the 
algorithm, the prevalence of the event found in the literature and a summary of the 
literature in terms of importance of the event, coding validity, construct validity.  Finally, 
we will describe the different sources of the indicator and present a table that 
summarizes the algorithm used in this project.  
Thereafter, general table aims at summarising the evidence for most of the indicators 
found in the literature and not retained in this project. More detailed evidence for those 
indicators which is described in the appendix 1.  All indicators related to the area 
obstetrics and pediatrics were not discussed in detail since this population was excluded 
from the actual retrospective study (see further).  Indicators regarding medical 
equipment and technical difficulty were also not mentioned since these indicators might 
be less related to human error.  Finally, all indicators related to ‘adverse drug events’, 
although often occurring, were not discussed further since detailed administrative data 
are not available for these events.  
Accidental puncture or laceration, complication of anesthesia, foreign body left in during 
a procedure, iatrogenic pneumothorax, infection due to medical care, postoperative 
abdominopelvic wound dehiscence, postoperative hemorrhage or hematoma, 
postoperative hip fracture, postoperative physiologic and metabolic derangements, 
postoperative respiratory failure and transfusion reaction were events too rare to be 
selected.  We did not find a clearly defined prevalence for aspiration pneumonia, 
postoperative infection (except wound and pneumonia) and reopening of surgical site.   
Clinical criteria may be ambiguous for accidental puncture or laceration, aspiration 
pneumonia, complication of anesthesia, gastrointestinal hemorrhage, infection due to 
medical care, postoperative physiologic and metabolic derangements, postoperative 
respiratory failure, shock or cardiac arrest and urinary tract infection. 
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2.2.2.1 Decubitus ulcer 
Summary of the evidence  
Indicator Prevalence (/1000 at risk) Source Coding validity Construct validity Clinical criteria 
Decubitus ulcer Belgium54: 15.39 
 




Rosen59: 18.36  
 
Belgium12: 12.2 (Surgical) - 12.4 
(Medical)  
 















No evidence on validity is 
available from CSP studies 
 
 
Weak association between PSI59 
 
No association between staffing and rate60 
 
Inversed relation between hours of care 
delivered and rate62 
 
Nursing mix related to rate63 
Available 
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Definition of indicator Decubitus Ulcer 
Numerator.  Discharges with ICD-9-CM code of decubitus ulcer in any secondary 
diagnosis field amongst the cases meeting the inclusion and exclusion rules for the 
denominator. 
Denominator.  All medical and surgical discharges age 16 years and older.  Include only 
patients with a length of stay of more than four days.  Exclude patients in MDC9 (skin, 
subcutaneous tissue, and breast), patients with a primary diagnosis of decubitus ulcer or 
with any diagnosis of hemiplegia, paraplegia, or quadriplegia.  Exclude patients with a 
spina bifida or an anoxic brain damage and patients with a debridement or a pedicle 
graft before or on the same day as the major operating room procedure (surgical cases 
only).  Exclude patients admitted from long-term care facility or transferred from an 
acute care facility and all obstetric admissions (MDC 14: pregnancy, childbirth, and 
puerperium) 
International prevalence figure in literature 
On the basis of PSI’s algorithm, previous study in Belgium estimated 15.39 decubitus 
ulcer per 1,000 discharges at risk between 1999 and 2004 54.  Zhan and colleagues found 
21.51 patients with decubitus ulcer per 1,000 discharges at risk 11.  Taking race and 
ethnicity into account, Coffey et al found a rate of 23.89 per 1,000 discharges 58, which 
according to the authors, is a higher rate for blacks and Hispanics in comparison to the 
white population.  Rosen et al obtained a risk-adjusted rate of 18.36 per 1,000 eligible 
discharges 59.   
Needleman et al found an adverse outcome rate of 7.2% and 5.8% in medical and 
surgical discharges, respectively 60.  In Belgium, Van den Heede and colleagues used the 
same definition and found a crude adverse outcome rate per 1,000 discharges of 12.4 
for medical patients and 12.2 for surgical patients 12.   
Rothschild et al reviewed preventable medical injuries in older patients 64.  They found 
that, amongst the high-risk hospitalised patients, the incidence of decubitus ranged up to 
30%.  A review by Smith describes a national average amongst at-risk Medicare patients 
of 29.86 per 1,000 hospital admissions 61. 
Summary of the indicator 
This indicator is intended to flag cases of in-hospital decubitus ulcers.  It was developed 
as part of the Complications Screening Program (CSP), which consists of a computer 
algorithm that screens for potential complications of adult discharge abstracts 65.  While 
several authors included in their definition of Decubitus cellulitus 65 60 63 12, it was 
omitted from the PSI.  Decubitus ulcer was investigated as an adverse outcome 
potentially sensitive to nurse staffing levels by Needleman et al 60 and Lichtig et al 63.  
In order to separate conditions that arise during the hospitalization from those present 
on admission, debubitus ulcer labelled as the primary diagnosis was excluded from the 
denominator.  Also excluded were patients who were particularly vulnerable to 
decubitus ulcer, namely patients with major skin disorders (MDC 9), patients admitted 
from a long term care facility or another acute care and patients with any form of 
paralysis.  Finally, the indicator excludes patients that have a length of stay less than five 
days since it would be unlikely for a decubitus ulcer to develop within this period of 
time. 
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Literature review/evidence levels 
Importance of the indicator.  For the experts’ panel of the OECD 55, a decubitus ulcer in a 
hospitalized patient has a serious negative impact on the individual’s health and often 
leads to a significantly prolonged hospital stay.  The economic impact of extended 
hospital stays makes this indicator important for financial improvement.  Decubitus 
ulcers are preventable with good quality nursing care.  It is a common complication of 
inadequate care for immobilized patients.  This indicator has great clinical relevance as a 
patient safety measure.  
Coding validity.  The committee of OECD estimated that the biggest threat to construct 
validity is the inability to precisely distinguish, on the basis of administrative data, with 
decubitus ulcer present on admission or hospital-acquired 55.   
After reviewing safety initiatives in the health systems of the United Kingdom, Canada, 
Australia and the United States, Arah et al found conflicting evidence for the validity of 
this indicator 66.   
Construct validity.  No evidence on validity is available from CSP studies. 
Needleman et al found no association between the measures of registered-nurse staffing 
and pressure ulcers amongst the medical patients 60.  In contrast, Blegen et al concluded 
that the proportion of hours of care delivered on a patient care unit by registered 
nurses was inversely related to the unit rates of decubitus 62.  However, the total hours 
of patient care was associated with higher rates of decubitus.   
The total hours of care was determined to a great extent by the average acuity level of 
patients on these units.  Given the high correlation between acuity and total nursing 
care hours, the interpretation of these coefficients must be done with care.  Another 
authors concluded that for all four data sets nursing skill mix was related to lower 
pressure ulcer rates 63.  Each additional percentage point of nursing personnel that were 
registered nurses was associated with a reduction in the pressure ulcer rate of between 
0.79% and 1.77%.  In two of the four data sets, additional hours of nursing per nursing 
intensity weight were significantly related to lower rates of pressure ulcers.  The results 
also show that hospitals in large urban areas had higher rates of pressure ulcers.  
Conversely, teaching hospitals in California were found to have a more than 35% lower 
pressure ulcer rate than other hospitals.   
McCloskey et al examined in a retrospective study the effects of New Zealand’s Health 
Reengineering on nursing and patient outcomes 67.  During that period the combined 
registered nurses and enrolled nurses full time equivalents (FTEs) decreased with 36%, 
as did hours worked per 1,000 medical/surgical discharges.  By 2000, there was an 18% 
increase in skill mix, with registered nurses labour representing 93% of nursing FTEs and 
hours worked by medical and surgical nurses.  There were statistically significant 
increases in the rates for decubitus ulcers after reengineering 1993 implementation with 
an increase of 88% for medical discharges and an increase of 258% in the surgical group.   
Rosen, who implemented the PSI software on Veterans Health Administration data, 
concluded that additional evidence was provided of PSIs having good construct validity 
59.  Although correlations amongst the indicators were generally weak, these finding 
suggested that each indicator most likely reflects a unique dimension of quality.   
Murff et al determined whether an association existed between patient complaints and 
surgical complications 68.  They found no statistically significant difference in complaint 
categories between patients who experienced a decubitus ulcer and those who did not.  
Major complications occurred in 19.2% of surgical admissions associated with a patient 
complaint and in 12.5% admissions not associated with complaints.  Surgical admissions 
associated with a complication had an odds ratio of 1.74 of being associated with a 
patient complaint.  This relationship remained significant after adjusting for patient 
length of stay, patient age, co-morbid illness, surgical sub-speciality and patient race.  
Mattke et al evaluated the impact of alternative definitions of exclusion rules for defining 
patient samples used to construct measures of patient outcomes sensitive to nurse 
staffing in in-patient units of acute care hospitals 69.   
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Relaxing the length of stay restriction added a large number of patients with lower risk.  
Thus, the rate in the full surgical and medical samples fell from 1.97% to 1.09% and 
4.00% to 2.48% respectively.  These findings provide evidence that the patient groups 
affected by the exclusion rules have different clinical characteristics and thus a different 
propensity to experience hospital-acquired complications.   
Romano et al determined how accurately postoperative complications are reported in 
administrative data, whether accuracy varies systematically across hospitals, and 
whether serious complications were more consistently reported amongst the adults 
who underwent elective lumbar diskectomies 70 .  The sensitivity of reporting for all 
complications was < 35%, the specificity was 98%, the positive predictive value was 82% 
and the negative predictive value was 84%.   
Geraci et al confirmed only 2 of 9 episodes of pressure ulcers reported on discharge 
abstracts of Veterans Affairs (VA) patients hospitalized in 1978-89 for congestive heart 
failure, chronic obstructive pulmonary disease or diabetes 71.  The sensitivity for an 
iatrogenic ulcer was 40%.  Berlowitz et al found that the sensitivity of a discharge 
diagnosis of pressure ulcer amongst all patients transferred from VA hospitals to VA 
nursing homes in 1996 was 31% overall, or 54% for deep ulcers 72.  The overall 
sensitivity increased modestly since 1992 and was slightly but statistically significantly 
better amongst the medical patients than amongst the surgical patients (33% versus 
26%). 
Sources 
This indicator was originally proposed in 1992 by Iezzoni et al. as part of the CSP 65.  It’s 
also retained as Patient Safety Indicator from AHRQ 56.  Needleman et al. identified 
decubitus ulcer as an ‘outcome potentially sensitive to nursing’ 60. 
Specification of numerator/denominator of Decubitus Ulcer 
Numerator Discharges, 16 years and older, with ICD-9-CM code of 
decubitus ulcer in any secondary diagnosis field amongst cases 
meeting the inclusion and exclusion rules for the denominator 
Denominator All medical and surgical discharges age 16 years and older 
defined by specific APR-DRGs  
 
Exclude cases: 
- with length of stay of less than 5 days  
- with primary diagnosis of decubitus ulcer  
See Appendix 2.B Decubitus Ulcer 
- MDC 9 (Skin, Subcutaneous Tissue, and Breast)  
- MDC 14 (pregnancy, childbirth, and puerperium)  
- with any diagnosis of hemiplegia, paraplegia, or quadriplegia 
See Appendix 2.C Hemiplegia, Paraplegia, or Quadriplegia 
- with ICD-9-CM code of spina bifida or anoxic brain damage 
See Appendix 2.D Spina Bifida or Anoxic Brain Damage 
- with an ICD-9-CM procedure code for debridement or pedicle 
graft before or on the same day as the first operating room 
procedure (surgical cases only)  
See Appendix 2.E Procedure code for debridement or pedicle 
graft 
- admitted from a long-term care facility  
- transferred from an acute care facility  
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2.2.2.2 Postoperative pulmonary embolism (PE) or deep vein thrombosis (DVT) 
Summary of the evidence 








Postoperative Pulmonary Embolism or 
Deep Vein Thrombosis (PSI)  
Belgium54: 5.41 
 
ARHQ56 : 9.83 





Belgium12: 3.39 (Surgical) - 6.25 
(Medical)  
 



















DVT/PE (CSP) 74 75 76 77 
Surgical cases (n = 41 ) : 
PPV : 89.6%  
NPV : 98.1% 
Present on admission : 22% 
Complication confirmed by reabstraction : 88 % 
Confirmed cases (timing&complication) by 
reabstraction : 59 %  
Complication confirmed by physicians : 70 % 
Complication confirmed by physicians with at least one 
potential quality problem : 60.7% 
At least one process problem : 72.2% 
 
Medical cases (n = 53 ) : 
PPV : 75.7%  
NPV : 98.5% 
Present on admission : 57% 
Complication confirmed by reabstraction: 78% 
Confirmed cases (timing&complication) by 
reabstraction: 32% 
Complication confirmed by physicians: 28.2% 
Complication confirmed by physicians with at least one 
potential quality problem: 60.0% 
At least one process problem : 69.1% 
 
Sensitivity <35%, specificity 98%, PPV 82%, NPV 84% 70  
DVT/PE (CSP) 74 
Surgical cases (n = 36 ) : 
clinical evidence : 67% 
physician notes : 8% 







Medical cases (n = 42 ) : 
clinical evidence : 55% 
physician notes : 12% 
no evidence : 33% 
  
Nurse staffing is independent of 
the occurrence of DVT/PE 60 
 
Inverse relation between 
registered-nurse hours and 
non-RN hours with rate 
(surgery) 78 
 
Weak association between PSI 
59 
 
No statistically significant 
difference in complaint 
categories between patients 
who experienced an adverse 
event and those who did not 68 
Available  
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Definition of indicator Postoperative DVT/PE 
Numerator.  Discharges with ICD-9-CM codes for deep vein thrombosis (DVT) or 
pulmonary embolism (PE) in any secondary diagnosis field amongst cases meeting the 
inclusion and exclusion rules for the denominator.  
Denominator.  All surgical discharges age 16 and older defined by surgical APR-DRG 
and an ICD-9-CM code for an operating room procedure.  Exclude cases : with 
principal diagnosis of deep vein thrombosis or pulmonary embolism; where the 
interruption of vena cava occurs before or on the same day as the first operating room 
procedure; all obstetric admissions (MDC 14 : pregnancy, childbirth and puerperium).   
International prevalence figure in literature 
Different studies applied the AHRQ definition of postoperative pulmonary embolism or 
deep vein thrombosis on several populations.  Rates ranged from 9.00 58 to 10.62 59 per 
1,000 discharges at risk.  In Belgium, this rate was 5.41 per 1,000 discharges at risk 
between 1999 and 2004 54.  According to some authors, the rate is higher for African 
American and Non-Hispanics in comparison to the white population 58.   
Needleman et al found pulmonary embolism or deep vein thrombosis in 0.5% of medical 
patients and in 0.4% of surgical patients 60.  With the same definition, the crude adverse 
outcome rate per 1,000 discharges in Belgium was 6.25 in medical patients and 3.39 in 
surgical patients 12. 
The complication rate per 1,000 amongst at-risk Medicare patients hospitalized during 
2000-2002 was 13.14 according to Smith 61.  A retrospective study by White et al found 
13,533 cases diagnosed with venous thromboembolism (VTE); 6,005 cases with VTE 
diagnosed during the index hospitalization and 7,528 cases after discharge but within 91 
days of the day of surgery, an overall incidence of 0.8% 73.  In an editorial, Kearon et al79 
concluded that malignancy was a convincing risk factor for post-operative VTE with 
about a 70% increase of risk.  Previous VTE ‘stands out’ as the single most potent risk 
factor for post-operative VTE (about 7-fold higher than malignancy). 
Summary of the indicator 
Iezzoni and colleagues introduced this indicator as part of the Complications Screening 
Program 65.  Rates of complications for individual hospitals were calculated using ‘risk 
pools’ as the population denominators.  Risk pools identified those patients at risk for 
specific types of complications.  Defined by DRGs or ICD-9-CM procedure codes, risk 
pools were of 6 types: major surgery (A); minor and miscellaneous surgery (B); invasive 
cardiology and radiology procedures (C); endoscopy (D); medical patients (E) and 
complications applicable for all patients (F).  The screen DVT/PE was assigned to all risk 
pools in the study.  Studies done by Weingart et al 75, McCarthy et al 74, Van den Heede 
et al 12 and Needleman et al 60 also included surgical and medical discharges in their 
denominator.  Adverse outcome rates were separately measured for surgical and 
medical patients.   
The PSI indicator from AHRQ limited the denominator to surgical discharges only.   
All studies excluded patients with a principal diagnosis of DVT or PE.  All obstetric 
admissions were also excluded, as well as patients with a secondary procedure code 
38.7 (“Interruption of vena cava“) when this procedure occurred on the day of or 
previous to the day of the principal procedure.   
White et al used a broader definition for the numerator and exclusion criteria 73 80. 
Literature review/evidence levels 
Importance of the indicator.  Panel of experts from OCDE reported about the importance 
of this indicator55.  The symptoms of postoperative PE/DVT ranged from mild to 
devastating clinical consequences including pain, respiratory distress and death.  It 
causes unnecessary prolongation of hospital stay, unnecessary pain, suffering and death.  
This event can be prevented through the appropriate use of anticoagulants and other 
preventive measures.   
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The panel estimated this indicator has important financial and quality improvement 
implications55.  Since the recent implementation of medication fee in Belgium, 
appropriate use of anticoagulants and other preventive measures are important to 
supervise.   
Coding validity.  For the purpose of identifying in-hospital events, the indicator has better 
validity for surgical cases than for medical cases in a study by Lawthers et al on 
Medicare beneficiaries of 65 years of age or older 76.  With a positive predictive value 
(PPV) of 89.6%, Lawthers concluded that this indicator was a good-to-excellent 
candidate as screening for complications in the major surgical risk pool.  The negative 
predictive value (NPV) was 98.1%.  The PPV and NPV in the medical risk pool were 
75.7% and 98.5%, respectively.   
Arnason et al measured the accuracy of a broader range of ICD-9-CM codes for 
thromboembolism using a random sample of patients discharged in a tertiary care 
hospital in Ottawa, Canada81.  Compared to the gold standard chart review, the ICD-9-
CM codes were, in general, sensitive (97%) but not specific (75%).  This resulted in a 
positive predictive value of only 63%.  The negative predictive value was 98%.  By 
selecting a sub-group of ICD-9-CM codes for thromboembolism, the positive predictive 
value increased to 87%.   
According to Arah et al, there is conflicting validity evidence for this indicator 66.  Finally, 
panel expert of OECD reported that coding of those events should be unambiguous, 
but PE/DVT is known to frequently go undiagnosed 55.  
Construct validity.  The validation study by Lawthers et al 76 was performed in two 
different states and was limited to the major surgical and medical risk pools.  In the 
major surgical risk pool, the proportion of cases with trigger codes corroborating on 
record review was 88% versus 78% in the medical risk pool.  The overall proportion of 
cases confirmed as in-hospital events was 59% for the major surgical risk pool and only 
32% for the medical risk pool.  In cases flagged for PE/DVT, the diagnosis appeared to 
be present on admission in 22% of the major surgical risk pool and in 57% in the 
medical risk pool.  Weingart found similar figures 75: physicians confirmed the flagged 
CSP screen in 70.0% of surgical and in 28.2% of medical cases.  With this, DVT/PE is an 
event with one of the highest rates of confirmed complication and potential quality 
problem in the study.   
Using the California Patient Discharge Data Set and specific ICD-9-CM surgical 
procedures codes, White et al found a complex relationship between age and the 
incidence of thromboembolism that varied with the surgical procedure80.  Advancing age 
was a significant predictor for VTE following surgeries performed for conditions not 
inherently associated with significant co-morbidity.  This study suggests that the type of 
surgery or perhaps the underlying pathology associated with the specific surgical 
procedure may override or eliminate age as a risk factor for thromboembolism.   
McCloskey et al examined in a retrospective study the effects of New Zealand’s Health 
Reengineering on nursing and patient outcomes 67.  The rate for DVT/PE initially 
increased by 9% in the medical group and by 91% in the surgical group, but later 
returned to rates near or below pre-reengineering levels.   
Needleman et al found that nurse staffing was independent of the occurrence of 
DVT/PE amongst both major surgical or medical patients 60.  However, Kovner et al 
reported that having more registered nurse hours and non-RN hours was associated 
with a lower rate of DVT/PE after major surgery 78.  
McCarthy et al created objective, explicit chart review instruments itemizing key clinical 
criteria confirming coded diagnoses 74.  Consensus on clinical indicators was reached 
through discussion with the other clinicians.  Only confirmatory clinical criteria that 
were supported by the literature were included, although the literature was limited for 
certain conditions.  In this study, medical records contained no clinical evidence or 
physicians’ notes to support the coded condition in 25% of surgical cases and in 33.3% 
of medical cases.  Objective clinical evidence was present in 66.7% and in 54.8% of 
surgical and medical cases respectively.   
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In 8.3% of surgical cases and 11.9% of medical cases, only physician notes supported the 
condition but had no specific objective clinical evidence to confirm the complication 
(Table 5). 
Table 5  Presence of clinical factors confirming a complication of deep vein 






 Factor, Evidence, 
Clinical factors n (%) n (%) 
New pulmonary embolism based on abnormal pulmonary 12 (33.3) … 
         arteriogram or high-probability VQ scan   
New deep venous thrombosis based on abnormal unilateral 10 (27.8) … 
         impedance plethysmography, Doppler flow velocity 
ultrasound   
         (above knee/popliteal fossa), duplex (real-time B-mode)   
         ultrasound, positive venogram (above knee/popliteal fossa), or   
         positive MRI   
New pulmonary embolism based on moderate-probability VQ 5 (13.9) … 
         scan, physician diagnosis of pulmonary embolism, or clinical   
         signs highly suggestive of pulmonary embolism   
Had at least 1 objective clinical factor … 24 (66.7) 
Physician note but no objective clinical factor … 3 (8.3) 
No clinical factor or objective physician note … 9 (25.0) 
VQ indicates ventilation perfusion; MRI, magnetic resonance imaging.  
One of the most frequent PSI events in the study by Rosen et al was postoperative 
DVT/PE 59.  The authors concluded that additional evidence was provided that the PSI 
had good construct validity.   
Murff et al determined whether an association existed between patient complaints and 
surgical complications 68.  They found no statistically significant difference in complaint 
categories between patients who experienced a DVT/PE and those who did not.  
Surgical admissions associated with a complication had an odds ratio of 1.74 of being 
associated with a patient complaint.  This relationship remained significant after 
adjusting for patient length of stay, patient age, co-morbid illness, surgical sub-speciality 
and patient race.  
Explicit process of care failures were relatively frequent amongst both major surgical 
and medical cases with DVT/PE, respectively in 72% and 69% of cases in which event 
was not present at admission77.  
Romano et al determined how accurately postoperative complications are reported in 
administrative data, whether accuracy varies systematically across hospitals, and 
whether serious complications are more consistently reported 70 amongst the patients 
who underwent elective lumbar diskectomies.  The sensitivity of reported complications 
was <35%, the specificity was 98%, the positive predictive value was 82% and the 
negative predictive value was 84%.   
Sources 
This indicator was originally proposed by Iezzoni et al as part of the Complications 
Screening Program 65.  It is one of the AHRQ’s Patient Safety Indicators 56.  Needleman 
assessed the indicator DVT/PE as an outcome which is potentially sensitive to the 
extent or quality of nursing care 60. 
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Specification of numerator/denominator of Postoperative DVT/PE 
Numerator Discharges amongst the cases meeting the inclusion and 
exclusion rules for the denominator with ICD-9-CM codes for 
deep vein thrombosis or pulmonary embolism in any secondary 
diagnosis field.  
See Appendix 2.F Pulmonary Embolism/Deep Vein Thrombosis  
Denominator All surgical discharges age 16 and older defined by specific DRGs 
and an ICD-9-CM code for an operating room procedure. 
See Appendix 2.A Operating Room Procedure  
Surgical Discharge APR-DRGs: procedural APR-DRGs  
Exclude cases: 
- with principal diagnosis of deep vein thrombosis or 
pulmonary embolism  
See Appendix 2.F Pulmonary Embolism/Deep Vein Thrombosis 
- where a procedure for interruption of vena cava is the 
only operating room procedure  
ICD-9-CM Interruption Of Vena Cava procedure code:  
387 INTERRUPTION OF VENA CAVA 
- where a procedure for interruption of vena cava occurs 
before or on the same day as the first operating room procedure  
- MDC 14 (pregnancy, childbirth, and puerperium)  
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2.2.2.3 Postoperative Sepsis 
Summary of the evidence 
Indicator Prevalence (/1000 at risk) Source Coding validity Construct validity 
Clinical 
criteria 
Postoperative sepsis Belgium54: 14.30 
 




Rosen59: 6.62  
 


















other   
No evidence No association between 
nurse staffing and 
complication 60 
 
Sepsis is an outcome 
sensitive to nursing 67 
 
Weak association between 
PSI 59 
 
No statistically significant 
difference in complaint 
categories between 
patients who experienced 
an adverse event and 
those who did not 68 
Available  
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Definition of indicator Postoperative Sepsis 
Numerator.  Discharges with ICD-9-CM codes for sepsis in any secondary diagnosis field 
amongst cases meeting the inclusion and exclusion rules for the denominator.  
Denominator.  All elective surgical discharges age 16 and older with a length of stay of 
more than three days.  Exclude cases: with principal diagnosis of sepsis or infection, with 
any code for immunocompromised state or cancer, all obstetric admissions (MDC 14 : 
pregnancy, childbirth, and puerperium).  
International prevalence figure in literature 
Different studies applied the AHRQ definition of postoperative sepsis on several 
populations.  In Belgium, postoperative sepsis between 1999 and 2004 was 14.30 per 
1,000 discharges at risk 54.  Zhan and colleagues 11 found 11.25 events per 1,000 
discharges at risk.  Taking race and ethnicity into account, Coffey et al found a rate of 
12.12 per 1,000 discharges 58.  The authors concluded that each of the minority groups 
(African American, non-Hispanic; Hispanic; Asian and Pacific Islander) had higher rates 
of postoperative sepsis compared to the white population.  Rosen et al implemented 
the PSI on the Veterans Health Administration and found a risk-adjusted rate of 6.62 
per 1,000 eligible discharges 59.   
Needleman et al made a distinction between medical and surgical patients and found an 
adverse outcome rate of 1.3% and 1.0% respectively 60.  In Belgium, Van den Heede and 
colleagues used the same definition and found a crude adverse outcome rate per 1,000 
discharges of 13.8 for medical patients and 13.2 for surgical patients 12. 
Summary of the indicator 
Iezzoni and colleagues introduced this indicator as part of the Complications Screening 
Program using the risk pools ‘major surgery’ and ‘minor or miscellaneous surgery’ as 
the population denominators 65.  AHRQ limited PSI to postoperative sepsis.  Studies 
done by Van den Heede et al 12 and Needleman et al 60 also included surgical and 
medical discharges in their denominator.   
In order to better differentiate with sepsis present on admission, the indicator limits its 
definition to secondary diagnosis.  Furthermore, patients who are particularly 
susceptible for sepsis are excluded, namely patients in immunocompromised state due 
to any cause and cancer patients.  Patients with a length of stay less than four days are 
also excluded since it is unlikely that hospital acquired sepsis will develop in such a short 
time.  Patients who had expired during their admission were eliminated in the study 
performed by Murff et al as this outcome would have reduced the opportunity to 
generate a complaint in the construct of their study 68.   
Literature review/evidence levels 
Importance of the indicator.  For panel of experts from OECD 55, the occurrence of sepsis 
following surgery is a severe complication with a mortality rate of up to 30%.   Even less 
severe cases will require prolonged ICU treatment for organ failure.  For this 
committee, many cases of postoperative sepsis can be prevented, primarily through a 
reduction of hospital infection rates, and they estimated it is a good measure of quality.  
It is also relevant to cost containment as prolonged hospital stays due to postoperative 
sepsis have considerable economic impact.  Many cases of postoperative sepsis can be 
prevented through the appropriate use of prophylactic antibiotics, good surgical site 
preparation, careful and sterile surgical techniques and appropriate postoperative care.   
Coding validity.  Considering the dramatic nature of this complication, it is usually reliably 
coded in administrative data sources 55.  
Construct validity.  For the panel experts of OECD 55, sepsis after elective surgery is 
considered a severe complication.  It usually results from less severe infective 
complications, such as urinary tract infections, pneumonia and wound infection, which 
should be avoided and/or properly treated.  
 
KCE Reports 93 Adverse events 33 
 
Needleman found no association between the measures of registered-nurse staffing and 
the occurrence of sepsis amongst both surgical and medical patients 60.  Sepsis in 
medical and surgical cases was one of the nurse sensitive clinical outcomes in the study 
by McCloskey 67.  There was a statistically significant increase in the rate for sepsis after 
the reengineering’s 1993 implementation, respectively 95% for medical discharges and 
172% in the surgical group.   
Rosen, who implemented the PSI software on Veterans Health Administration data, 
concluded that additional evidence was provided of PSI having good construct validity 59.  
Although correlations amongst the indicators were generally weak, these findings 
suggested that each indicator most likely reflects a unique dimension of quality.  
Murff et al determined whether an association existed between patient complaints and 
surgical complications using administrative data 68.  They found no statistically significant 
difference in complaint categories between patients who experienced septicaemia and 
those who did not.  Surgical admissions associated with a complication had an odds 
ratio of 1.74 of being associated with a patient complaint.  This relationship remained 
significant after adjusting for patient length of stay, patient age, co-morbid illness, 
surgical sub-speciality and patient race.  
After reviewing safety initiatives in the health systems of the United Kingdom, Canada, 
Australia and the United States, Arah et al concluded that there was an unclear 
construct validity for this indicator 66.   
Romano et al determined how accurately postoperative complications were reported in 
administrative data, whether accuracy varies systematically across hospitals, and 
whether serious complications were more consistently reported amongst patients who 
underwent elective lumbar diskectomies.  The sensitivity of reporting for all 
complications was <35%, the specificity was 98%, the positive predictive value was 82% 
and the negative predictive value was 84% 70.   
Sources 
This indicator was originally proposed by Iezzoni et al as part of the Complications 
Screening Program 65.  It is a part of Patient Safety indicators set from the AHRQ56.  
Needleman identified this adverse outcome for both medical and surgical patients as an 
‘outcome potentially sensitive to staffing by nurses’ 60. 
Specification of numerator/denominator of Postoperative Sepsis 
Numerator Discharges amongst cases meeting the inclusion and exclusion 
rules for the denominator with ICD-9-CM code for sepsis in any 
secondary diagnosis field.  
See Appendix 2.G Sepsis  
Denominator All elective* surgical discharges age 16 and older defined by 
specific APR-DRGs and an ICD-9-CM code for an operating 
room procedure.  
See Appendix 2.A Operating Room Procedure  
Surgical Discharge APR-DRGs: procedural APR-DRGs  
*Elective - Admission type is recorded as elective  
 
Exclude cases: 
- with principal diagnosis of sepsis or infection  
See Appendix 2.G Sepsis 
- with any code for immunocompromised state or cancer  
See Appendix 2.K Immunocompromised States  
See Appendix 2.L Cancer  
See Appendix 2.N Cancer APR-DRGs  
- MDC 14 (pregnancy, childbirth, and puerperium)  
- with length of stay of less than 4 days  
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2.2.2.4 Postoperative wound infection (PWI) 
Summary of the evidence 





Belgium12 : 7.92 (Surgical)  
 
Needleman60: 8 (Surgical)  
Needlem
an 60 
Postoperative wound infection (CSP) 75 76  
Surgical cases (n = 44 ) : 
PPV : 91.5%  
NPV : 95.0% 
Present on admission : 0% 
Complication confirmed by reabstraction : 93% 
Confirmed cases (timing&complication) by 
reabstraction : 91%  
Complication confirmed by physicians : 60.5 % 
Complication confirmed by physicians with at least one 
potential quality problem : 26.9% 
 
Medical cases (n = 39 ) : 
PPV : 80%  
NPV : 99.3% 
Present on admission : 68% 
Complication confirmed by reabstraction : 95% 
Confirmed cases (timing&complication) by 
reabstraction : 28% 
Complication confirmed by physicians : 24.2% 
Complication confirmed by physicians with at least one 
potential quality problem : 0% 
 
Sensitivity <35%, specificity 98%, PPV 82%, NPV 84% 70  
Postoperative wound 
infection (CSP) 74 
Surgical cases (n = 41 ) : 
clinical evidence : 63.4% 
physician notes : 0% 
no evidence :36.6% 
 
Postoperative wound 
infection is an outcome 
sensitive to nursing 67  
 
No statistically significant 
difference in complaint 
categories between 
patients who experienced 
an adverse event and 
those who did not 68 
Available   
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Definition of indicator Postoperative Wound Infection 
For all surgical discharges age 16 years and older, discharges with ICD-9-CM code of 
wound infection in any secondary diagnosis field (exclude case with principal diagnosis 
of wound infection)  
International prevalence figure in literature 
In Belgium, on the basis of the Needleman’s definition, Van den Heede and colleagues 
found a crude adverse outcome of 7.92 per 1,000 surgical discharges 12  Needleman et 
al found a mean adverse outcome rate of 8 per 1,000 surgical patients 60. 
Summary of the indicator 
This indicator is intended to flag cases of postoperative wound infection.  The indicator 
was developed as part of the Complications Screening Program (CSP)65.  This indicator 
is limited to surgical discharges only, aged 16 year and older.  In order to separate 
conditions that arise during the hospitalization from those present on admission, wound 
infection labelled as the primary diagnosis was excluded from the denominator.   
Literature review/evidence levels 
Importance of the indicator.  For OECD committee 55, symptoms of a wound infection 
ranged from minor insignificant inflammation to considerable pain and suffering, wound 
disruption, septicaemia and even death.  This event often required re-operation and 
prolonged hospitalisation.  Occurrence of such an infection can be reduced by proper 
pre-, intra- and post-operative care, in particular strict hygiene.  Hospital staff tends to 
neglect simple measures like hand washing and use of disinfectants.  Various clinical 
processes are linked to wound infections and, considering the economic impacts of this 
event, it is important to reduce it.  
Coding validity.  Some studies76 75 74 performed validation on CSP indicator on Medicare 
beneficiaries age 65 or older.  For the purpose of identifying in-hospital events, the 
indicator has better validity in surgical cases than in medical cases in a study by Lawthers 
et al76.  With a positive predictive value (PPV) of 91.5%, the authors concluded that this 
indicator was a good-to-excellent candidate as screening for complications in the major 
surgical risk pool.  The negative predictive value (NPV) was 95.0%.  The PPV and NPV in 
the medical risk pool were respectively 80% and 99.3%.   
Construct validity.  The validation study by Lawthers 76 was performed in 2 states, 
Connecticut and California, using Medicare’s fiscal year 1994.  In the major surgical risk 
pool cases with trigger codes corroborating on record review was 93% versus 95% in 
the medical risk pool.  The overall proportion of cases confirmed as in-hospital events 
was 91% for the major surgical risk pool but only 28% for the medical risk pool.  In 
cases flagged for the indicator, the diagnosis appeared to be present on admission in 0% 
of the major surgical risk pool and in 68% in the medical risk pool.  In the study of 
Weingart et al75, physicians confirmed the flagged CSP indicator in 60.5% of surgical and 
in 24.2% of medical cases.  Amongst cases with confirmed in-hospital complications, 
physician reviewers identified at least one potential quality problem in 26.9% of surgical 
and 0.0% of medical flagged cases.  The prevalence of physician-identified potential 
quality problems amongst flagged cases was only 25.6% in surgical and 3.0% in medical 
cases.  The author concluded that this CSP would be a poor quality-of-care indicator. 
McCarthy et al created objective, explicit chart review instruments itemizing key clinical 
criteria confirming coded diagnoses74.  Consensus on clinical indicators was reached 
through discussion with other clinicians.  Only confirmatory clinical criteria that were 
supported by the literature were included, although the literature was limited for 
certain conditions.  The clinical criteria for surgical wound infection were evaluated in 
41 surgical cases.  Medical records contained objective clinical evidence in 63.4% of 
surgical cases. No clinical evidence or physicians’ notes to support the coded condition 
were present in 36.6% of surgical cases.   
In 0.0% of surgical cases, only physician notes supported the condition but had no 
specific objective clinical evidence to confirm the complication.    
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Table 6  Presence of clinical factors confirming a complication of 
Postoperative wound infection (n=26) (Unpublished, obtained from 
E McCarthy) 
Clinical factor confirming complication (n = 26) (%) 
Incisional infection as evidenced by superficial drainage and positive gram 
stain for white blood cells 
4 (15.4) 
Incisional infection as evidenced by documentation or red (erythema) and 
hot or swollen and painful incision site, and clinician note of purulent 
drainage of infection site 
9 (34.6) 
Incisional infection as evidenced by superficial drainage, positive gram stain 
for white blood cells, and clinician note of purulent drainage of infection 
site 
8 (30.8) 
Incisional infection as evidenced by documentation of red (erythema) and 
hot or swollen and painful incision site, and fever, leukocytosis, or left shift 
11 (42.3) 
Deep infection as evidenced by drainage and positive gram stain for wbc 6 (23.1) 
Deep infection as evidenced by fever, leukocytosis, or left shift and x-ray, 
CT scan or ultrasound evidence of abscess at anatomical site of surgical 
incision 
5 (19.2) 
Deep infection as evidenced by creptitus in the wound on physical exam 
or x-ray, CT scan, or ultrasound evidence of gas at anatomical site or 
surgical incision, and documentation of red (erythema) and hot or swollen 
and painful incision site with fever 
0 (0.00) 
Murff et al determined whether an association existed between patient complaints and 
surgical complications 68.  They found no statistically significant difference in complaint 
categories between patients who experienced a wound infection and those who did not.  
Surgical admissions associated with a complication had an odds ratio of 1.74 of being 
associated with a patient complaint.  This relationship remained significant after 
adjusting for patient length of stay, patient age, co-morbid illness, surgical sub-speciality 
and patient race.  
Surgical wound infection was one of the nurse sensitive clinical outcomes in the study 
performed by McCloskey et al 67.  There was a statistically significant increase in the rate 
for surgical wound infection after the reengineering’s 1993 implementation: increase of 
134% in the surgical group.  The authors concluded that the increase in skill mix was 
not large enough to overcome the decrease in full time equivalents and hours worked 
nor to compensate for the additional burden that a decreased length of stay poses on 
nursing staff.  
Romano et al determined how accurately postoperative complications were reported in 
administrative data, whether accuracy varies systematically across hospitals, and 
whether serious complications were more consistently reported 70.  Therefore, 991 
randomly sampled adults who underwent elective lumbar diskectomies at 30 non-
federal acute care hospitals in California in 1990 to 1991 were selected.  The sensitivity 
of reporting for this complication was < 35%, the specificity was 98%, the positive 
predictive value was 82% and the negative predictive value was 84%.   
Sources 
This indicator was originally proposed in 1992 by Iezzoni et al. as part of the CSP65.  
Needleman identified this indicator as a nursing-sensitive patient outcome, in which it 
was restricted to surgical patients only 60.     
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Specification of numerator/denominator of PWI 
Numerator Discharges amongst cases meeting the inclusion and exclusion 
rules for the denominator with ICD-9-CM code of wound 
infection in any secondary diagnosis field. 
See Appendix 2.H Wound infection 
Denominator All surgical discharges age 16 years and older defined by specific 
APR-DRG and an operating room procedure.  
Surgical Discharge APR-DRGs: procedural APR-DRGs  
See Appendix 2.A Operating Room Procedure 
 
Exclude cases: 
with principal diagnosis of wound infection  
See Appendix 2.H Wound infection 
2.2.2.5 Ventilator-Acquired Pneumonia (VAP) 
Summary of the evidence 
Indicator 
Prevalence 
(/1000 at risk) 






Belgium82 : 141.2 
(surgical) 
Needleman 60 No evidence found 
in the literature 
 Available 
Definition of indicator Ventilator-Acquired Pneumonia 
Numerator.  Discharges amongst cases meeting the inclusion and exclusion rules for the 
denominator with ICD-9-CM code pneumonia in any secondary diagnosis field. 
Denominator.  All surgical and medical discharges age 16 years and older defined that 
were ventilated.  Exclude cases with pneumonia in principal diagnosis, any diagnosis for 
viral pneumonia, with diseases or disorders of respiratory system (MDC 4) or with 
immunocompromised state, all obstetrics admissions (MDC 14: pregnancy, childbirth, 
and puerperium)  
International prevalence figure in literature 
In Belgium, the prevalence of ventilator-acquired pneumonia (VAP) in surgical patients 
only was 14.12% for year 200382.  The OECD committee estimated that incidence of 
VAP ranged from 6% to 52% of intubated patients depending on patient risk factors 55.  
After publishing guidelines for the prevention of VAP an analysis of studies published 
since 2004 was conducted by Gastmeier et al83.  Five cohort studies using multi-module 
programmes to improve VAP were discovered with a range of improvement from 31 to 
57%.  However, these success stories were often reported from hospital wards with 
particularly high baseline rates and methodological weaknesses making it difficult to 
draw any conclusions.  Furthermore, different definitions for VAP have been used in the 
studies investigated.  On the other hand, a review of randomized controlled trials, 
meta-analyses or systematic reviews showed that many VAP cases are preventable and 
there is still room for improvement83.  Regardless of the published guidelines for the 
prevention of VAP it can be assumed that the prevalence of VAP is still above the range 
of 5 cases per 1000 population at risk.  
Summary of the indicator 
This indicator is intended to capture cases of ventilator associated pneumonia and is 
limited to secondary diagnosis codes of pneumonia to eliminate complications present 
on admission. Also patients with principal diagnosis of pneumonia, an 
immunocompromised state or patients with MDC 4 were excluded as these patients 
were likely to suffered from aspiration pneumonia already on admission.  
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Literature review/evidence levels 
Importance of the indicator.  Panel of experts from OECD estimated that VAP was a 
leading cause of morbidity and mortality in the ICU 55.  Overall VAP is associated with a 
mortality of up to 30%.   
Coding validity.  No evidence found in the literature.  
Construct validity.  Patients with mechanically-assisted ventilation have a high risk of 
developing nosocomial pneumonia. Prevention and control of nosocomial pneumonia is 
discussed in the CDC/HICPAC document, Guidelines for Prevention of Nosocomial 
Pneumonia. The Guideline strongly recommends that surveillance be conducted for 
bacterial pneumonia in ICU patients who are mechanically ventilated to facilitate the 
identification of trends and comparative analysis. High rates may suggest the need to 
examine the clinical and organizational processes related to the care of patients on 
ventilators including adherence to recommended guidelines. Ventilator associated 
pneumonia was suggested as an indicator potentially sensitive to nursing care by: 
National Quality Forum (2005) 84.  Collard and Saint85 reviewed four evidence based 
practices that carried the potential to reduce the occurrence of VAP in patients 
receiving mechanical ventilation, including randomised clinical trials.  The Committee of 
OECD 55 also emphasized that literature identified only a small number of explicit 
processes of care that have been proven in randomised clinical trials to prevent this 
complication.  Given the grave consequences of VAP and the efforts that ICUs 
undertake to prevent them, VAP rates appear to be a plausible indicator of patient 
safety.  
Sources 
This indicator was originally proposed by NQF and complemented with information 
from the pneumonia indicator of PSI. 
Specification of numerator/denominator of VAP 
Numerator Discharges amongst cases meeting the inclusion and exclusion 
rules for the denominator with ICD-9-CM code pneumonia in 
any secondary diagnosis field. 
See Appendix 2.I Pneumonia 
Denominator All surgical and medical discharges age 16 years and older defined 
that were ventilated. Ventilated patients are selected by a RIZIV-
code from Belgian nomenclature for procedure codes: 211046:
 Artificial ventilation from day 2 until day 21. 
Surgical Discharge APR-DRGs: procedural APR-DRGs  
Medical Discharge APR-DRGs: medical APR-DRGs  
 
Exclude cases: 
with principal diagnosis of pneumonia or 997.3 
See Appendix 2.I Pneumonia 
with any diagnosis code for viral pneumonia  
See Appendix 2.J Viral Pneumonia 
MDC 4 (diseases/disorders of respiratory system)  
MDC 14 (pregnancy, childbirth, and puerperium)  
with any diagnosis of immunocompromised state. 
See Appendix 2.K Immunocompromised states 
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2.2.2.6 Literature review for the non-selected indicators 
Accidental puncture or laceration, complication of anesthesia, foreign body left in during a procedure, iatrogenic pneumothorax, infection due to medical care, 
postoperative abdominopelvic wound dehiscence, postoperative hemorrhage or hematoma, postoperative hip fracture, postoperative physiologic and 
metabolic derangements, postoperative respiratory failure and transfusion reaction were events too rare to be selected.  We did not find a clearly defined 
prevalence for aspiration pneumonia, postoperative infection (except wound and pneumonia) and reopening of surgical site.   
Clinical criteria may be ambiguous for accidental puncture or laceration, aspiration pneumonia, complication of anesthesia, gastrointestinal hemorrhage, 
infection due to medical care, postoperative physiologic and metabolic derangements, postoperative respiratory failure, shock or cardiac arrest and urinary 
tract infection. 
Table 7  Literature review for the indicators not selected in this project 
Indicator Prevalence (/1000 at risk) Source Coding validity Construct validity 
Clinical 
criteria 
Accidental puncture or 
laceration 
Belgium 54: 2.65 
 
ARHQ56 : 3.55 
Zhan 11: 3.32  
Romano 57: 3.24 
Coffey 58: 3.27 
Rosen 59: 2.82 
 
Belgium: 13.5 (Surgical) - 14.1 
(Medical) 12 
 









Procedure-related perforation or laceration (CSP) 74-76  
Surgical cases  
PPV : 81.6% 
NPV : 99.1% 
Present on admission : 24% 
Complication confirmed by reabstraction : 94% 
Confirmed cases (timing&complication) by 
reabstraction : 71% 
Complication confirmed by physicians : 58.3% 
Complication confirmed by physicians with at least one 
potential quality problem: 61.9% 
 
Sensitivity <35%, specificity 98%, PPV 82%, NPV 84% 70 
Procedure-related perforation or 
laceration (CSP) 74 
Surgical cases (n = 30 ) 
(procedure related) : 
clinical evidence : 83.3% 
physician notes : 6.7% 
no evidence : 10% 
 







Aspiration Pneumonia no prevalence  CSP  74 75 76, 77 
Surgical cases (n = 35 ) : 
PPV : 85.7%  
NPV : 97.4% 
Present on admission : 15% 
Complication confirmed by reabstraction : 94% 
Confirmed cases (timing&complication) by 
reabstraction : 77%  
Complication confirmed by physicians : 58.8% 
Complication confirmed by physicians with at least one 
potential quality problem : 30% 
At least one process problem : 68.8%  
74  
Surgical cases (n = 32 ) : 
clinical evidence : 53% 
physician notes : 37.5% 
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Belgium 54: 0.58 
 
ARHQ56 : 0.81 
Zhan 11: 0.71 
Romano 57: 0.56  
Coffey 58: 0.69 
Rosen 59: 0.59 
PSI no evidence Weak association between PSI 
59 
 
Decreased 18% between 1995 





Failure to rescue (FTR) Belgium 54: 176.24 
 
ARHQ56 : 127.69 
Zhan 11: 169.13  
Romano 57: 174.24 
Rosen 59: 156.16 
  
Belgium: 211 (Surgical) - 240 
(Medical) 12 
 


















no evidence Association between higher 
proportion of registered-
nurse-hours and lower rate of 
FTR (medical cases) 60 
 
Association between patient-
to-nurse ratio and FTR; each 
additional patient per nurse 
associated with a 7% increase 
in the odds of FTR 86 
 
Weak association between PSI 
59 
 
No statistically significant 
difference in complaint 
categories between patients 
who experienced an adverse 
event and those who did not 
68 
Available 
Foreign body left in 
during procedure 
Belgium 54: 0.07 
 
ARHQ56 : 0.08 
Zhan 11: 0.09  
Romano 57: 0.08 
Coffey 58: 0.09 
Rosen 59: 0.17 
PSI  no evidence no evidence 
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Belgium: 8.2 (Medical) - 3.6 
(Surgical) 12 
 





Postoperative gastrointestinal hemorrhage (CSP) 75 76  
Surgical cases (n = 41) : 
PPV : 81.4%  
NPV : 99.1% 
Present on admission : 15% 
Complication confirmed by reabstraction : 81 % 
Confirmed cases (timing&complication) by 
reabstraction : 66 %  
Complication confirmed by physicians : 72.5% 
Complication confirmed by physicians with at least one 
potential quality problem : 48.3% 
Postoperative gastrointestinal 
hemorrhage (CSP) 74 
Surgical cases (n = 39 ) 
clinical evidence : 69.2% 
physician notes : 7.7% 
no evidence : 23.1% 
 
Higher proportion of licensed-
nurseb care provided by 
registered nurses and more 
registered-nurse-hours per 
day were associated with 
lower rate of Upper 
gastrointestinal bleeding 






Belgium: 13.5 (Surgical) - 14.1 
(Medical) 12 
 
Needleman 60:  
12 (Surgical) - 23 (Medical) 
 











Postoperative pneumonia (CSP) 74 75 77 
Surgical cases (n= 42) 
PPV : none 
NPV : none 
Present on admission : none 
Complication confirmed by reabstraction : none 
Confirmed cases (timing&complication) by 
reabstraction : none 
Complication confirmed by physicians : 64.3% 
Complication confirmed by physicians with at least one 
potential quality problem : 7.4% 
At least one process problem : 82.5%  
 
Postoperative pneumonia (CSP) 
74  
Surgical cases (n = 40 ) : 
clinical evidence : 50% 
physician notes : 30% 
no evidence : 20% 
 
  
Higher proportion of 
licencied-nurse care provided 
by registered nurses and more 
registered-nurse-hours per 
day associate with lower rate 
(medical cases) 60 
 
Inverse relation between 
registered-nurse staffing and 
rate (surgery) 78 
Available  
                                                     
b  Licensed nurses are registered nurses and licensed practical nurses 60 
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Belgium 54: 0.35 
 
ARHQ56 : 0.56 
Zhan 11: 0.67  
Romano 57: 0.67 
Coffey 58: 0.72 
Rosen 59: 1.2  
PSI  no evidence no evidence 
 




Infection due to 
medical care 
Belgium 54: 1.64 
 
ARHQ56 : 2.14 
Zhan 11: 1.99 
Romano 57: 1.93 
Coffey 58: 2.13 
Rosen 59: 2.37 
 
Smith 61: 2.84 
PSI  no evidence no evidence 
 









Belgium 54: 1.20 
 
ARHQ56 : 2.00 
Zhan 11: 2.05  
Romano 57: 1.93 
Coffey 58: 2.13 
Rosen 59: 4.49 
  
Smith 61: 3.76 
PSI  no evidence no evidence 
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Belgium 54: 2.07 
 
ARHQ56 : 2.12 
Zhan 11: 2.06 
Romano 57: 2.06 
Coffey 58: 2.27 
Rosen 59: 2.90 
  
PSI  Postprocedural hemorrhage or hematoma (CSP) 74 75 76   
 
Surgical cases (n = 46 ) : 
PPV : 89.7%  
NPV : 93.6% 
Present on admission : 2% 
Complication confirmed by reabstraction : 91 % 
Confirmed cases (timing&complication) by 
reabstraction : 83 %  
Complication confirmed by physicians : 56.5 % 
Complication confirmed by physicians with at least one 
potential quality problem : 61.9% 
 
Medical cases (n = 53 ) : 
PPV : 90.6%  
NPV : 98.6% 
Present on admission : 31% 
Complication confirmed by reabstraction : 91% 
Confirmed cases (timing&complication) by 
reabstraction : 49% 
Complication confirmed by physicians : 54.9% 
Complication confirmed by physicians with at least one 
potential quality problem : 46.4% 
 
Sensitivity <35%, specificity 98%, PPV 82%, NPV 84% 70  
Postprocedural hemorrhage or 
hematoma (CSP) 74 
 
Surgical cases (n = 44 ) : 
clinical evidence : 54.5% 
physician notes : 25.0% 






Medical cases (n = 45 ) : 
clinical evidence : 33.3% 
physician notes : 40.0% 
no evidence : 26.7% 
 
Weak association between PSI 
59 
 
No statistically significant 
difference in complaint 
categories between patients 
who experienced an adverse 
event and those who did not 
68 
Available  
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In-hospital hip fracture 
Postoperative hip fracture  
Belgium 54: 0.31 
 
ARHQ56 : 0.28 
Zhan 11: 0.77 
Romano 57: 0.80  
Coffey 58: 0.76 
Rosen 59: 1.14 
PSI  In-hospital hip fractures and falls (CSP) 75 76 77 
Surgical cases (n = 21) 
PPV : 85.0%  
NPV : 99.2% 
Present on admission : 21% 
Complication confirmed by reabstraction : 91% 
Confirmed cases (timing&complication) by 
reabstraction : 57%  
Complication confirmed by physicians : 71.4% 
Complication confirmed by physicians with at least one 
potential quality problem : 26.7% 
At least one process problem : 76.2% 
 
Medical cases (n = 64)  
PPV : 60.6% 
NPV : 99.5% 
present on admission : 87% 
Complication confirmed by reabstraction : 97% 
Confirmed cases (timing&complication) by 
reabstraction : 11% 
Complication confirmed by physicians : 10.9% 
Complication confirmed by physicians with at least one 
potential quality problem : 28.6% 
At least one process problem : 53.8% 





(except wound and 
pneumonia) 
no CSP  74 75 76  
Surgical cases (n = 30 ) : 
PPV : 96.8%  
NPV : 98.3% 
Present on admission : 23% 
Complication confirmed by reabstraction : 94 % 
Confirmed cases (timing&complication) by 
reabstraction : 72 %  
Complication confirmed by physicians : 73.3 % 
Complication confirmed by physicians with at least one 
potential quality problem : 50% 
74  
Surgical cases (n = 27 ) : 
clinical evidence : 81.5% 
physician notes : 3.7% 




No statistically significant 
difference in complaint 
categories between patients 
who experienced an adverse 
event and those who did not 
68 
Available   
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Belgium 54: 1.9 
 
ARHQ56 : 1.04 
Zhan 11: 1.00 
Romano 57: 0.89 
Coffey 58: 1.43 
Rosen 59: 1.81 
PSI Sensitivity <35%, specificity 98%, PPV 82%, NPV 84% 70  Weak association between PSI 
59 
 
No association between 






Postoperative respiratory failure 
Belgium 54: 3.64 
 
ARHQ56 : 9.29 
Zhan 11: 3.57 
Romano 57: 3.58 
Coffey 58: 4.01 
Rosen 59: 3.43  
 
Belgium: 14 12 
 










Postoperative pulmonary compromise CSP 75 76  77 
Surgical cases (n = 46 ) : 
PPV : 92.5%  
NPV : 96.2% 
Present on admission : 12% 
Complication confirmed by reabstraction : 91 % 
Confirmed cases (timing&complication) by 
reabstraction : 72 %  
Complication confirmed by physicians : 75% 
Complication confirmed by physicians with at least one 
potential quality problem : 27.3%  
At least one process problem : 52.3%  
Weak association between PSI 
59 
 
No association between nurse 




Reopening of surgical 
site 
no CSP  74 75 76  
Surgical cases (n = 32) : 
PPV : 88.2%  
NPV : 98% 
Present on admission : 0% 
Complication confirmed by reabstraction : 97 % 
Confirmed cases (timing&complication) by 
reabstraction : 97 %  
Complication confirmed by physicians : 61.3 % 
Complication confirmed by physicians with at least one 
potential quality problem : 42.1% 
 
 
74 75 76  
Surgical cases (n = 44 ) : 
clinical evidence : 86.7% 
physician notes : 0% 
no evidence : 13.3% 
 
No statistically significant 
difference in complaint 
categories between patients 
who experienced an adverse 
event and those who did not 
68 
Available   
46  Adverse events KCE Reports 93 
Indicator Prevalence (/1000 at risk) Source Coding validity Construct validity 
Clinical 
criteria 
Shock - Cardiac Arrest Belgium: 5.32 (Surgical) - 6.67 
(Medical) 12 
 





Postoperative shock or cardiorespiratory arrest (CSP) 75 76  
Surgical cases (n = 40 ) : 
PPV : 89.3%  
NPV : 97.8% 
Present on admission : 29% 
Complication confirmed by reabstraction : 85 % 
Confirmed cases (timing&complication) by 
reabstraction : 53 % Complication confirmed by 
physicians : 74.4 % 
Complication confirmed by physicians with at least one 
potential quality problem: 20.7% 
 
Higher proportion of 
registered-nurse-hours and 
lower rates (medical; no 
association in surgical 
group)no association between 
nursing and rate 60 
 
 
No statistically significant 
difference in complaint 
categories between patients 
who experienced an adverse 




be ambiguous  
Transfusion reaction  Belgium 54: 0.01 
ARHQ56 : 0.005 
Zhan 11: 0. 004 
Romano 57: 0.004 
Coffey 58: 0. 005 
Rosen 59: 0.007 




Urinary tract infection 
(UTI) 
Belgium: 17.6 (Surgical) - 32.3 
(Medical) 12 
 
Needleman 60: 33 (Surgical) - 63 
(Medical) 
 








No evidence on validity is available from CSP studies 
 
Sensitivity 55.6%; specificity 99.8%; PPV 62.5%; NPV 
99.7% 87 
Higher proportion of licensed-
nurse care provided by 
registered nurses and more 
registered-nurse-hours per 
day were associated with 
lower rate of UTI (medical 
cases) 60 
 
Association between higher 
proportion of registered-
nurse-hours and lower rate of 
UTI (surgical cases) 60 
 
Association not statistically 
significant 62 
 
Association between skill mix 
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3 METHODOLOGY 
In this chapter, we first present the algorithms used and the adaptations made to the 
Belgian context.  We then describe the data used in the algorithms, the selection of 
participating hospitals, the selection of medical files reviewed and the screening of the 
files.  A brief explanation of analyses is developed followed by a description of the 
approval of the ethics committee.  
3.1 ALGORITHM SOURCES AND ADAPTATIONS  
The selected indicators are were all (integral  or partial ) Patient Safety Indicators of the 
Agency for Healthcare Research and Quality (AHRQ)56, except postoperative wound 
infection which is was based on the OECD-algorithm 55. The algorithms used in this 
study are were based on the technical manual provided by the AHRQ (version 3.1) or 
the OECD patient safety indicators.  For indicators of the AHRQ56, algorithms were the 
same as those used in the recent feedback54 sent to all Belgian hospitals by the Ministry 
of Public Health. 
In Belgium the APR-DRG v15.0 is used in the hospital financing system. The 
internationally published algorithms use HCFA DRGs. This implies that the most 
important adjustment that needs to be made is the mapping of HCFA DRG to APR-
DRG v15.0 . However, currently there is no such crosswalk between the APR-DRG and 
HCFA DRG for use with the patient safety indicators.  There is not really a one-to-one 
mapping, although many of the DRG are very similar.  Van den Heede et al. (in 
progress) did a cross-mapping for the DRGs used by the AHRQ in the Cancer-DRG 
algorithm and the infection-DRG algorithm to the APR-DRG v15.0 system (see 
appendix 2.M and appendix 2.N). Sermeus et al.82 developed a crosswalk between the 
APR-DRG and HCFA DRG for use with the patient safety indicators.  This cross-
mapping was applied, in the present study, in the Cancer-DRG algorithm and the 
infection-DRG algorithm (see appendix 2.M and appendix 2.N).    
A second important modification concerned the procedures.  In the Belgian 
administrative data the principal procedure is not identified, like it is done in US hospital 
discharge data.  In the algorithms used in the present study we replaced ‘principal 
procedure’ by identifying the first operating room procedure in chronological order 
(Postoperative DVT/PE, Decubitus Ulcer).   
3.2 SAMPLE DATA 
3.2.1 Data source 
The federal government service of Public Health, Food chain safety and Environment 
collects data concerning the Belgian health care organizations. The registration of these 
data is important for the guidance to determine the health policy and financing of the 
Belgian health care organizations. One of the registration systems in acute hospitals is 
the Belgian Hospital Discharge Dataset (B-HDDS). 
The Belgian Hospital Discharge Dataset includes an administrative clinical database 
gathering information transmitted by each hospital to the Ministry of Public Health, 
called MKG/RCM or Minimale Klinische Gegevens/Résumé Clinique Minimum. All non-
psychiatric hospitals must participate to this data collection since 1990. The available 
information concerning outpatient or inpatient stay discharged are mainly year of birth, 
sex, domicile zip code, length of stay, year and month of admission and discharge, in 
addition to all diagnoses and procedures coded in ICD-9-CM (International 
Classification of Disease, 9th revision, Clinical modification, published in October 2005). 
The Ministry runs the APR-DRG version 15th grouper program to assign an APR-DRG 
(All-Patient Refined Diagnosis Related Group).  The registration is continuous and every 
registration period lasts 6 months.  
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The purposes of RCM/MKG are: 
• to determine the need for hospital facilities; 
• to define the qualitative and quantitative recognition standards of 
hospitals and their services; 
• to organize the financing of hospitals; 
• to determine the policy concerning the practice of medicine; 
• to outline a policy in relation with the epidemiology; 
• to help the hospitals in their internal management (feedbacks on their 
data). 
Because of the frequency of registration, data from RCM/MKG are available with one 
year delay, after a numerical validation process.  
Although the database contains complete information from every Belgian hospital, the 
reliability of the information is a major concern as there is a lack of external validation 
of the registered data88.  However the Ministry of Public Health has audited the data and 
concluded, for the period 2004-2007, that even in case of upcoding of the pathologies, 
the phenomenon tends to decrease compared to the last analysis89.  
The selection of patient’s files reviewed during this project was based on the Belgian 
Hospital Discharge Dataset (B-HDDS).  The B-HDDS were provided by the selected 
hospitals in an anonymous form.   
The quality of the data is audited by the Ministry of Public Health in two ways.  Firstly, a 
software program checks the data for missing, illogical, and outlier values.  Secondly, by 
regular hospital visits, a random selection of patient records is reviewed to ensure that 
data were recoded correctly. 
3.2.2 Hospital selection 
All 116 Belgian acute hospitals were invited to join this study.  Thirteen Flemish acute 
hospitals and eight Walloon acute hospitals agreed to participate.  A selection of eight 
hospitals was done according to the hospital size, the geographical spread and the 
moment they expressed interest in participating the study.   
Four hospitals each were selected for the Flemish region and the French-speaking 
region.  Amongst the eight selected hospitals, there was one university teaching hospital 
for each region.  One hospital had less than 300 beds, 2 hospitals had between 300 and 
450 beds and 5 hospitals had more than 450 beds.  All the hospitals were located in 
different provinces.   
3.2.3 Study population 
The study targeted adult non-obstetric patients admitted in an acute care hospital in 
Belgium.  Long-term care and rehabilitation facilities as well as psychiatric hospitals and 
one-day clinics were excluded.  Patients who were transferred from another acute care 
facility were also excluded. 
Basically, administrative data on discharges for the registration year 2005 were used for 
the selection of cases.  Whenever necessary, additional registration years 2004 and 
2006 were used in order to become a sufficient number of cases. 
3.2.4 Development and description of the file selection 
This project was focused on five events being likely to occur during an in-hospital stay.   
Adverse events are known to have a small prevalence, therefore a random selection in 
the administrative datasets wouldn’t reach a sufficient number of cases to validate the 
chosen indicators unless a very large sample was taken47.  It was not possible to review 
all the medical files of all stays in the eight selected hospitals because of time and 
resource constraints.   
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We aimed at validating five adverse event indicators chosen on the basis of the evidence 
available in the literature and on their importance.  Therefore, we focused on a 
selection of sufficient cases for each indicator.  To ensure a more objective review of 
medical files and of the information available, a selection of controls was required.   For 
the cases population, medical records were selected randomly.  Moreover, a stratified 
method for the selection of control files was used to enhance the blinded review of 
medical records. For each ‘flagged’ case - that is a hospital discharge case which was 
positive for at least one of the selected indicators - a matched control case was 
selected.  The matching was based on the APR-DRG, the severity of illness (SOI), age, 
gender, year and semester of registration.  The severity of illness was classified in four 
categories (SOI 1, SOI 2 and 3, SOI 4).  Age was also divided in five categories (<30 
years old, [30-49], [50-64], [65-79] and age >=80 years).  As adverse events are known 
to be associated with co-morbidity and the age of the patient, a simple method to 
standardize the populations with the available data was to select patients on the basis of 
patient age and of APR-DRG/SOI.  The populations with or without flagged adverse 
event were therefore more homogeneous. 
For the registration year 2005 of the B-HDDS, we have randomly selected 20 flagged 
cases and 20 control cases per adverse event for each hospital in order to obtain a total 
of 200 patients per hospital.  In case of an insufficient number of patients, another 50 
reserve patients were randomly drawn from the pool of not selected cases.  However, 
those could not be balanced for the 5 indicators due to the unequal prevalence of 
adverse events.  In order to reach the targeted number of cases, additional registration 
years 2004 and 2006 were requested whenever necessary. The reserve of 50 patients 
could not be obtained in one Flemish hospital due to its small size. 
3.2.5 Medical record review 
The medical records in each hospital selected were evaluated independently by 2 teams 
during a one stage review process.  The choice of two teams instead of one was mainly 
made in order to overcome the language barrier.  Even in the case of being bilingual, 
some detailed – yet important – information could get lost by reviewing the medical 
records, serving as a potential bias in the search and evaluation of adverse events.  In 
the Flemish region, the team was composed of one internal medicine specialist and one 
clinical pharmacist.  The latter was experienced after similar medical record reviewing 
on adverse drug events.  In the French-speaking region, it was one surgeon and one 
nurse.  The two members of both teams had a broad clinical experience which was 
essential for the objective of this study.  The members of the two teams were trained 
to use the abstraction tool together after a pre-test was performed on 20 medical 
records to get used to the tool. 
In each team, both reviewers were blinded for the result of the screening procedure 
based on administrative data.  In other words, they were unaware whether a case was 
positively flagged for one of the 5 indicators or not.  Given the stratified method for 
medical file selection – already leading to a group of ‘flagged’ cases and control cases – 
only a one stage medical record review was performed.  Whenever the reviewers 
disagreed on the occurrence of an adverse event, they debated on the case until a 
consensus was reached.  If no consensus could be obtained, the medical record was 
presented to a panel of experts.  The same experts were also involved in determining 
the specific clinical criteria of the five selected adverse events.  In this regard, the 
medical record review process was partly an implicit procedure (expert opinion) and 
partly an explicit procedure (adherence to specific clinical criteria).  
3.2.6 Data abstraction 
Medical records were screened using a data abstraction tool (see appendix 2.O).  The 
tool aimed at providing a standardized method of recording and data collection.  It 
consisted of an anonymous number, admission and discharge dates, and appreciation of 
the completeness of the medical file.  The initial aim was to proceed with the medical 
record review on the condition of the combined presence of nursing notes, procedures 
notes and discharge notes.  
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Since especially nursing notes were incomplete or totally missing up to 54.24 % of the 
cases in the hospital 7, the medical file was considered as complete if the following 2 out 
of 3 items were present: nursing notes, procedures notes and discharge note.   
The particularly high number of missing nurses' notes in hospital 7 was due to a 
reorganization of the archiving department which has been moved to another site.  
Table 8 provides the distribution of present parts in the medical file per hospital.  
Table 8 Distribution of present parts – nursing notes, procedures notes, and 
discharge notes – per hospital 
 Complete Nurse notes Procedures Discharge Total file 
  missing missing missing number 
 N % N % N % N %  
Hosp 1 147 90.19 2 1.23 7 4.29 7 4.29 163 
Hosp 2 171 85.50 23 11.50 2 1.00 4 2.00 200 
Hosp 3 142 71.00 55 27.50 3 1.50 0 0.00 200 
Hosp 4 188 94.00 4 2.00 3 1.50 5 2.50 200 
Hosp 5 153 80.10 12 6.28 17 8.90 9 4.71 191 
Hosp 6 133 59.91 17 7.66 63 28.38 9 4.05 222 
Hosp 7 48 31.37 83 54.24 19 12.42 3 1.96 153 
Hosp 8 153 82.26 0 0.00 11 5.91 22 11.83 186 
Some patient information was provided through administrative data and was verified by 
the review team: age and sex, admission type (elective or emergency), place before 
admission and destination after discharge, length of stay and co-morbidities.  The latter 
were derived from the Elixhauser co-morbidity measurement method.   
Furthermore, strict clinical criteria were defined for the 5 indicators selected, based 
both on the literature and expert opinion. Those criteria can be consulted in appendix 
2.O in the abstraction tool.   
Finally, if an adverse event was found in the medical record a detailed analysis was made 
about the occurrence of the event.  Based on the framework provided in Figure 1 the 
reviewer assessed whether the adverse event was the result of health care management 
rather than the patient’s disease itself, the degree of disability and extra length of stay 
due to the adverse event, the potential quality problems which caused the adverse 
event, the degree of responsibility of health care management (scale from 1 to 6) and 
the preventability of the event (scale from 1 to 6), the specialty caring for the patient 
and the place of occurrence of the adverse event and, finally the additional care which 
was necessary because of the adverse event.  The extra length of stay due to the 
occurrence of an adverse event was estimated based on the national average length of 
stay in Belgium for a given disease and can therefore only be seen as a subjective figure.  
If an indicator was judged to be present on admission, no further detailed analysis on 
the indicator was made. 
3.2.7 Statistical analysis 
All analyses were performed using SAS v9.1 (SAS Institute, Inc, Cary, NC).   
The first part of the results was the comparison between the studied population and the 
non-consenting population in order to determine whether the patient approval has 
introduced a bias in the study.  In this way, we compared the mean age (Student t), the 
distribution of sex (Chi square), and the distribution of non flagged/ flagged cases (Chi 
square) in the two populations.   
Thereafter, descriptive analyses were calculated for the 5 indicators.  A correction was 
made whenever an exclusion rule applied for a certain indicator in the B-HDDS.  In 
other words, whenever an exclusion rule was present in the B-HDDS, the found 
indicator during the medical record screening was neglected.  Adverse events rates 
were reported as the percentage of hospitalizations during which adverse events were 
detected.   
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Comparing the B-HDDS and the medical record screening positive predictive values 
(PPV) were calculated for the group of 5 indicators in general and per indicator 
separately.  PPV is calculated as a simple ratio of the cases which are flagged as positive 
by the test and are identified ad diseased by the gold standard (Medical record review) 
divided by all cases flagged as positive. That is: 
positive) false  (true record medical  theof regardlessindicator   theon positive Cases




Subsequently, cases which had an indicator present on admission during medical record 
screening were excluded and then revealed a new set of PPV.  The B-HDDS was 
considered to be the test-value while the medical record screening was considered to 
be the true value. 
The second part of analyses concerned the characteristic of events found in the medical 
files.  If an adverse event was present in the medical file the reviewer had to assess 
whether it depended on the medical management and whether it was preventable. 
This assessment was reflected in the following two questions of the abstraction tool:  
• Consider the extent to which health care management rather than the 
disease process is responsible for the AE14, 41, 42: 
1. Virtually no evidence for management causation/system failure 
2. Slight-to-modest evidence for management causation  
3. Management causation not likely; less than 50-50 but close call 
4. Management causation more likely than not, more than 50-50 but 
close call 
5. Moderate/strong evidence for management causation 
6. Virtually certain evidence for management causation 
• Degree of preventability of the adverse event14: 
1. No preventability : virtually no evidence for preventability 
2. Low preventability : slight-to-modest evidence for preventability 
3. Low preventability : preventability not likely, less than 50-50 but 
close call 
4. High preventability : preventability more likely than not, more than 
50-50 but close call 
5. High preventability : strong evidence for preventability 
6. High preventability : virtually certain evidence for preventability 
If the score to one of these was higher than 3, the event was considered as being an 
evident adverse event14. 
3.2.8 Ethical approval 
The study was approved by the ethics committee of all hospitals.  The research team 
obtained informed consent from the selected patients.  A letter was send by post by the 
participating hospitals to all selected patients (see appendix 2.P).  This letter contained 
information about the study and a reply-card.  Patients had the opportunity to answer 
during a period of 30 days to give or refuse consent.  If no answer was received after 30 
days, informed consent was assumed.  The management of each participating hospital 
received a letter with information concerning the study, which could possibly be spread 
to their hospital physicians.   
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4 RESULTS 
In this chapter, we first compare the non-consenting population with the study 
population in order to determine whether the patient approval has introduced a bias in 
the study or not.  After that, we present results of positive predictive values globally 
and for each indicator.  We also describe the reason why cases don’t correspond with 
the administrative data.  Finally, we observe for all adverse events found in the medical 
review how cases were preventable or due to health care management.  
4.1 SELECTION PROCEDURE OF CASES 
Administrative data obtained from the eight hospitals selected revealed a total of 
285,617 hospital stays (Figure 3).  Hospital discharge data were flagged positive for one 
or more of the selected indicators in 4,490 cases and flagged negative for all of the 
selected indicators in 281,127 cases.  For 2,407 positive flagged cases, a control case 
was available.  After a stratified sample of cases according to the predefined indicators, a 
total of 975 flagged hospital stays and 975 control cases were withheld.  Consequently, 
1,950 hospital stays were potentially meant for medical record review. 
No informed consent was obtained in 141 cases.  A total of 237 files could not be 
included due to other reasons: 173 files were not available or could not be found at the 
time of the study, 47 files were excluded because of incompleteness, 13 files weren’t 
available due to an address change of the patient and 4 cases due to the transfer of 
patients from another acute hospital. 
As a result, a total of 1,515 medical files were randomly selected for medical record 
review in order to reach the target of 200 cases per hospital.  Of these, 741 files were 
positively flagged in the hospital discharge dataset for at least one of the selected 
indicators and 774 cases were controls and hence negatively flagged. 
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Figure 3 Selection of cases 
 Hospital discharge data for 8 hospitals (n=285,617) 
Hospital discharge cases flagged positive for one or 
more of selected indicators (n=4,490) 
Hospital discharge cases flagged 
negative for all of the selected 
indicators (n=281,127) 
Hospital discharge cases flagged positive for one of 
the selected indicators (n=2,407), with a control case 
available (n=2,407) 
Stratified sample of cases with controls (n=975) Control cases  
(n=975) 
Selected cases for medical record review (n=1,950) 
Random selection  
for review to reach the 
target of 200 cases per 
hospital  
(n=1,515) 













(Positively flagged  
in the hospital discharge dataset) 
(n=741) 
Control cases  
(Negatively flagged  
in the hospital discharge dataset) 
(n=774) 
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4.2 COMPARISON OF THE STUDIED AND NON-CONSENTING 
POPULATION 
Amongst the 1950 selected cases for medical record review, 141 patients refused to 
participate to the study.  
As shown in table 9, the population studied was statistically younger than the population 
who refused to participate to this project.  The mean age was 68.2+/-15.9 years (range 
16 to 102) in the studied population and 72.4+/-11.3 years (range 33 to 94) in the non-
consenting population (p<0.0001).  







Std Dev Std Dev 
Upper CL 
Std Dev Min Max 
Studied population 1515 67.38 68.18 68.979 15.312 15.857 16.442 16 102 
Non-consenting 
population 
141 70.509 72.39 74.271 10.115 11.297 12.795 33 94 
 
Likewise (Table 10) the repartition of sex was different in both populations.  Women 
were statically more represented in the non-consenting population (57.45 %) than in the 
studied population (48.71 %) (p<0.05). 




Row Pct 1 2 Total 


















Finally, we compared the proportion of flagged cases and control cases between the 
two populations (Table 11).  Although the proportion of cases flagged was larger in the 
non-consenting population, the difference was not statistically significant (p>0.05). 
Table 11 : Distribution of the cases flagged or not in studied and in non-
consenting population  
 Flagged in B-HDDS 
Frequency 
Row Pct No Yes Total 












Total 838 818 1656 
4.3 RESULTS OF PREDICTIVE VALUES 
We reviewed 1,515 (77.7%) out of the 1,950 sampled cases for medical record review.  
The target of 200 cases was reached in half of the selected hospitals.  Hospital 1 lacked 
37 files; hospitals 5, 7 and 8 lacked respectively 9, 47 and 14 cases mainly because files 
were not available at the time of the review.  In order to partially correct this shortage 
of files an extra 22 files were reviewed in hospital 6.   
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Hence, 1,515 (94.7%) out of the 1,600 targeted records were reviewed.  Out of the 
1,515 records, 280 (18.5%) were registered in 2004, 1198 (79.1%) in 2005 and the 
remaining 37 (2.4%) files were registered in 2006. 
The mean age of the reviewed patients was 68.2+/- 15.9 years with a median age of 72 
years.  Mean age by hospital varied from 62.0 years (hospital 3) to 75.1 years (hospital 
1) (Table 12).  The mean length of hospital stay was 27.3+/-31.2 days with a median 
length of stay of 16 days.  The mean length of stay per hospital varied from 18.4 days 
(hospital 1) to 38.6 days (hospital 6) (Table 13). 
Table 12 : Age distribution per hospital 
Age  
Mean Std Min P25 Median P75 Max 
hosp 
1 75.13 12.65 33.00 70.00 77.00 84.00 97.00 
2 65.50 14.32 16.00 59.00 68.50 76.00 99.00 
3 62.03 16.44 16.00 52.50 65.50 75.00 92.00 
4 66.00 17.36 29.00 52.00 69.50 82.00 99.00 
5 66.55 17.36 16.00 55.00 71.00 81.00 93.00 
6 70.13 16.00 21.00 64.00 73.00 81.00 98.00 
7 72.40 11.61 40.00 65.00 74.00 80.00 96.00 
8 69.81 15.32 23.00 59.00 75.00 82.00 102.00 
Total 68.18 15.86 16.00 59.00 72.00 80.00 102.00 
Table 13 : Length of stay distribution per hospital 
Length of stay  
Mean Std Min P25 Median P75 Max 
hosp 
1 18.39 14.55 1.00 9.00 15.00 25.00 103.00 
2 27.33 35.32 1.00 8.50 13.00 30.50 200.00 
3 30.20 40.82 1.00 10.00 16.00 32.00 297.00 
4 25.43 26.38 1.00 9.00 15.00 35.50 197.00 
5 24.82 27.47 0.00 11.00 17.00 33.00 249.00 
6 38.64 39.42 0.00 14.00 26.00 50.00 242.00 
7 21.99 21.92 1.00 9.00 15.00 25.00 131.00 
8 27.56 24.53 1.00 12.00 19.00 33.00 133.00 
Total 27.33 31.19 0.00 10.00 16.00 33.00 297.00 
Most cases (79%) had a surgical diagnostic category which could be explained by the 
specific choice of the selected indicators.  As shown in Table 14, the main major 
diagnostic categories (MDC) were the circulatory system (30%) and the musculoskeletal 
system (19%).  The digestive system was represented in 11% of the cases, respiratory 
system in 7% and the nervous system in 5%.  The remaining 27% of cases came from 17 
other categories. 
Table 14 : Five most frequent Major Diagnostic Categories (MDC) in studied 
population 





05 Circulatory System & related condition 459 30.30 459 30.30 
08 Musculoskeletal System and Connective Tissue & 
related condition 
290 19.14 749 49.44 
06 Digestive System & related condition 168 11.09 917 60.53 
04 Respiratory System & related condition 112 7.39 1029 67.92 
01 Nervous System & related condition 82 5.41 1111 73.33 
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4.3.1 Combined results 
The number of adverse events per indicator and per hospital based on the screening of the B-HDDS is described in Table 15.  
Table 15: Distribution of selected adverse events according to the B-HDDS 






















Hosp 1 28 (17,2%) 135 (82,8%) 10  (6,1%) 153 (93,9%) 2    (1,2%) 161 (98,8%) 8    (4,9%) 155 (95,1%) 36 (22,1%) 127 (77,9%) 163 
Hosp 2 27 (13,5%) 173 (86,5%) 18  (9,0%) 182 (91,0%) 18  (9,0%) 182 (91,0%) 25 (12,5%) 175 (87,5%) 28 (14,0%) 172 (86,0%) 200 
Hosp 3 26 (13,0%) 174 (87,0%) 19  (9,5%) 181 (90,5%) 20 (10,0%) 180 (90,0%) 28 (14,0%) 172 (86,0%) 35 (17,5%) 165 (82,5%) 200 
Hosp 4 27 (13,5%) 173 (86,5%) 20 (10,0%) 180 (90,0%) 19  (9,5%) 181 (90,5%) 18  (9,0%) 182 (91,0%) 34 (17,0%) 166 (83,0%) 200 
Hosp 5 24 (12,6%) 167 (87,4%) 15  (7,9%) 176 (92,1%) 22 (11,5%) 169 (88,5%) 26 (13,6%) 165 (86,4%) 24 (12,6%) 167 (87,4%) 191 
Hosp 6 29 (13,1%) 193 (86,9%) 19  (8,6%) 203 (91,4%) 13  (5,9%) 209 (94,1%) 28 (12,6%) 194 (87,4%) 24 (10,8%) 198 (89,2%) 222 
Hosp 7 23 (15,0%) 130 (85,0%) 8  (5,2%) 145 (94,8%) 12  (7,8%) 141 (92,2%) 20 (13,1%) 133 (86,9%) 15  (9,8%) 138 (90,2%) 153 
Hosp 8 24 (12,9%) 162 (87,1% 26 (14,0%) 160 (86,0%) 14  (7,5%) 172 (92,5%) 24 (12,9%) 162 (87,1%) 27 (14,5%) 159 (85,5%) 186 
Total 208 (13,7%) 1307 (86,3%) 135 (8,9%) 1380 (91,1%) 120 (7,9%) 1395 (92,1%) 177 (11,7%) 1338 (88,3%) 223 (14,7%) 1292 (85,3%) 1515 
In general, postoperative wound infection and pressure ulcers were over-represented, with respectively 14.7% and 13.7% of all hospital discharges.  
Postoperative sepsis and deep vein thrombosis were less present amongst the selected medical records, respectively 7.9% and 8.9%. 
The same calculation was made for the 5 selected indicators per hospital based on the medical record screening (Table 16).  However, in order to compare 
results from the administrative data screening and the medical record screening, a correction was made for every case where an exclusion rule for a certain 
indicator in the B-HDDS applied.  In other words, whenever an exclusion rule was present in the B-HDDS, the found indicator during medical record 
screening was neglected (Table 17). 
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Table 16: Distribution of selected adverse events according to the medical record screening 
  Pressure Ulcers DVT Sepsis VAP Wound infection Tot 












(%) Flagged (%) 
Not Flagged 
(%) N 
Hosp 1 54 (33,1%) 109 (68,9%) 6 (3,7%) 157 (96,3%) 7 (4,3%) 156 (95,7%) 3 (1,8%) 160 (98,2%) 38 (23,3%) 125 (76,7%) 163 
Hosp 2 33 (16,5%) 167 (83,5%) 9 (4,5%) 191 (95,5%) 16 (8,0%) 184 (92,0%) 13 (6,5%) 187 (93,5%) 29 (14,5%) 171 (85,5%) 200 
Hosp 3 45 (22,5%) 155 (77,5%) 7 (3,5%) 193 (96,5%) 30 (15,0%) 170 (85,0%) 14 (7,0%) 186 (93,0%) 40 (20,0%) 160 (80,0%) 200 
Hosp 4 43 (21,5%) 157 (78,5%) 16 (8,0%) 184 (92,0%) 31 (15,5%) 169 (84,5%) 5 (2,5%) 195 (97,5%) 30 (15,0%) 170 (85,0%) 200 
Hosp 5 36 (18,9%) 155 (81,2%) 11 (5,8%) 180 (94,2%) 25 (13,1%) 166 (86,9%) 13 (6,8%) 178 (93,1%) 27 (14,1%) 164 (85,9%) 191 
Hosp 6 43 (19,4%) 179 (80,6%) 11 (5,0%) 211 (95,0%) 25 (11,3%) 197 (88,7%) 10 (4,5%) 212 (95,5%) 20 (9,0%) 202 (91,0%) 222 
Hosp 7 21 (13,7%) 132 (86,3%) 6 (3,9%) 147 (96,1%) 19 (12,4%) 134 (87,6%) 10 (6,5%) 143 (93,5%) 11 (7,2%) 142 (92,8%) 153 
Hosp 8 26 (14,0%) 160 (86,0%) 18 (9,7%) 168 (90,3%) 19 (10,2%) 167 (89,8%) 14 (7,5%) 172 (92,5%) 28 (15,1%) 158 (84,9%) 186 
Total 301 (19,9%) 1214 (80,1%) 84 (5,5%) 1431 (94,5%) 172 (11,4%) 1343 (88,6%) 82 (5,4%) 1433 (94,6%) 223 (14,7%) 1292 (85,3%) 1515 
Table 17: Distribution of adverse events according to the medical record screening corrected for B-HDDS exclusion rules 






















Hosp 1 42 (25,8%) 121 (74,2%) 6    (3,7%) 157 (96,3%) 2    (1,2%) 161 (98,8%) 2    (1,2%) 161 (98,8%) 37 (22,7%) 126 (77,3%) 163 
Hosp 2 26 (13,0%) 174 (87,0%) 9    (4,5%) 191 (95,5%) 4    (2,0%) 196 (98,0%) 13  (6,5%) 187 (93,5%) 27 (13,5%) 173 (86,5%) 200 
Hosp 3 38 (19,0%) 162 (81,0%) 7    (3,5%) 193 (96,5%) 11  (5,5%) 189 (94,5%) 10  (5,0%) 190 (95,0%) 39 (19,5%) 161 (80,5%) 200 
Hosp 4 34 (17,0%) 166 (83,0%) 16   (8,0%) 184 (92,0%) 15  (7,5%) 185 (92,5%) 4    (2,0%) 196 (98,0%) 30 (15,0%) 170 (85,0%) 200 
Hosp 5 29 (15,2%) 162 (84,8%) 11  (5,8%) 180 (94,2%) 17  (8,9%) 174 (91,1%) 10  (5,2%) 181 (96,8%) 27 (14,1%) 164 (85,9%) 191 
Hosp 6 36 (16,2%) 186 (83,8%) 11  (5,0%) 211 (95,0%) 6    (2,7%) 216 (97,3%) 9    (4,1%) 213 (95,9%) 19  (8,6%) 203 (91,4%) 222 
Hosp 7 20 (13,1%) 133 (86,9%) 6    (3,9%) 147 (96,1%) 13  (8,5%) 140 (91,5%) 8    (5,2%) 145 (94,8%) 9    (5,9%) 144 (94,1%) 153 
Hosp 8 20 (10,8%) 166 (89,2%) 18   (9,7%) 168 (90,3%) 11   (5,9%) 175 (94,1%) 12   (6,5%) 174 (93,6%) 26 (14,0%) 160 (86,0%) 186 
Total 245 (16,2%) 1270 (83,8%) 84  (5,5%) 1431 (94,5%) 79  (5,2%) 1436 (94,2%) 68  (4,5%) 1447 (95,5%) 214 (14,1%) 1301 (85,9%) 1515 
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Table 18 shows overall PPV in circumstances where the indicator might be present on 
admission when reviewing the medical record.  A match is defined as an indicator being 
positive in the B-HDDS and in the medical record screening, regardless of the kind of 
indicator. 
Table 18: Overall PPV, POA not excluded from medical record screening 

























PPV 64.9123 61.4761 68.3485 
Table 19 presented PPV when excluding the indicator from the medical record 
screening when it was present on admission.  Given the fact that fewer indicators were 
judged as being a truly adverse event instead of comorbidity, the PPV diminished to 
61.37%. 
Table 19: Overall positive predictive values, POA excluded from medical 
record screening 


























(L) 95% CI (Upper) 
PPV 61.3670 57.6884 65.0457 
4.3.2 Results per indicator 
For each indicator, the distribution of cases was presented by hospital and PPV was 
calculated for each indicator.  In this context, there had to be an exact match between 
the specific indicator in the B-HDDS and the medical record screening. 
4.3.2.1 Pressure ulcers 
86,897 cases, out of 285,617 hospital stays, were included in the denominator of 
indicator ‘pressure ulcers’.  Pressure ulcer was flagged positive in 1,777 cases included 
(2%). 
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As shown in Table 20, 13.73% of the overall files included in the medical review were 
flagged for pressure ulcers. This indicator was under-represented in hospitals 5 
(12.57%) and 8 (12.90%) while it was overrepresented in hospitals 1 (17.18%) and 7 
(15.03%).   




flagged cases for 
pressure ulcers 
Number of files for 
the medical record 
review Rate (%) 
Hosp 1 28 163 17.18 
Hosp 2 27 200 13.50 
Hosp 3 26 200 13.00 
Hosp 4 27 200 13.50 
Hosp 5 24 191 12.57 
Hosp 6 29 222 13.06 
Hosp 7 23 153 15.03 
Hosp 8 24 186 12.90 
Total 208 1515 13.73 
Table 21 and Table 22 represent the correspondence of B-HDDS and the medical 
record review for pressure ulcers. Table 21 presents results for the events not 
excluded from the medical record review.  In other words, if the pressure ulcer was 
present on admission the event was not excluded from the results.  On the other hand, 
Table 22 shows results with the exclusion of events present on admission on the basis 
of the medical record screening.  
When including all cases flagged in the B-HDDS, the PPV was 74.52%.  When cases 
found present on admission during the medical record review were excluded, the PPV 
was lower with 68.07%. 
Table 21 Positive predictive value for pressure ulcer, POA not excluded 
from medical record screening 
Pressure ulcer - Table of B-HDDS 
by Medical Record Review (MRR) 
B-HDDS MRR 
Frequency 





















PPV 74.5192 68.5974 80.4411 
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Table 22: Positive predictive value for pressure ulcer, POA excluded from 
medical record screening 
Pressure ulcer - Table of B-





















Approximation (L) 95% CI (Upper) 
PPV 68.0723 60.9804 75.1642 
4.3.2.2 Postoperative Deep vein thrombosis and pulmonary embolism (DVT/PE) 
For the second indicator ‘postoperative deep vein thrombosis and pulmonary 
embolism’, 99,967 cases were included in the denominator.  In total, only 451 (0.45%) of 
cases were flagged positive for this indicator.   
Amongst the overall files included in the medical record review, 8.91% of cases were 
flagged in the B-HDDS for DVT/PE (Table 23).  Hospitals 7 (5.23%) and 1 (6.13%) were 
under-represented for this indicator. DVT/PE is most represented in hospitals 8 
(13.98%) and 4 (10.00%).   
Table 23: Frequency flagged cases for postoperative deep vein 
thrombosis/pulmonary embolism (DVT/PE) in the B-HDDS per hospital 
 
Number of 
flagged cases for 
DVT/PE 
Number of files for 
the medical record 
review Rate (%) 
Hosp 1 10 163 6.13 
Hosp 2 18 200 9.00 
Hosp 3 19 200 9.50 
Hosp 4 20 200 10.00 
Hosp 5 15 191 7.85 
Hosp 6 19 222 8.56 
Hosp 7 8 153 5.23 
Hosp 8 26 186 13.98 
Total 135 1515 8.91 
Results on the second indicator, deep venous thrombosis and pulmonary embolism, are 
shown in Table 24 and Table 25.  When disregarding the present on admission from the 
medical record screening (Table 24), the PPV was relatively low (58.52%). The rate 
decreased even further when excluding the present on admission form the medical 
record screening (54.47%) meaning that approximately half of the cases were present in 
the medical file when it was flagged in the B-HDDS. 
KCE Reports 93 Adverse events 61 
 
Table 24: Positive predictive value for postoperative DVT/PE, POA not 
excluded from medical record screening 
DVT/PE - Table of B-HDDS by 
Medical Record Review (MRR) 
B-HDDS MRR 
Frequency 




















PPV 54.4715 45.6708 63.272 
Table 25: Positive predictive value for postoperative DVT/PE, POA excluded 
from medical record screening 
DVT/PE - Table of B-HDDS by 
Medical Record Review (MRR) 
B-HDDS MRR 
Frequency 

















Approximation (L) 95% CI (Upper) 
PPV 49.6296 41.1955 58.064 
4.3.2.3 Postoperative sepsis 
26,718 cases were included in the denominator for postoperative sepsis.  Out of these, 
348 (1.30%) were positively flagged.  Postoperative sepsis represented 7.92% of all cases 
reviewed (Table 26).  In hospital 1, only 2 cases were reviewed (1.23%).  Postoperative 
sepsis was the most represented in hospitals 5 (11.52%) and 3 (10.00%). 




flagged cases for 
Postoperative 
sepsis 
Number of files for 
the medical record 
review Rate (%) 
Hosp 1 2 163 1.23 
Hosp 2 18 200 9.00 
Hosp 3 20 200 10.00 
Hosp 4 19 200 9.50 
Hosp 5 22 191 11.52 
Hosp 6 13 222 5.86 
Hosp 7 12 153 7.84 
Hosp 8 14 186 7.53 
Total 120 1515 7.92 
62  Adverse events KCE Reports 93 
Results for the indicator postoperative sepsis are shown in the Table 27 and Table 28.  
On the basis of the file record, postoperative sepsis was judged to be present on 
admission only for one case.  Chances of finding postoperative sepsis in the medical 
record while it was indicated in administrative data were low (respectively 45.00% and 
44.53%, respectively if POA included or not).   
Table 27: Positive predictive value for Postoperative sepsis, POA not 
excluded from medical record screening 
Postop sepsis - Table of B-HDDS 
by Medical Record Review (MRR) 
B-HDDS MRR 
Frequency 

















Approximation (L) 95% CI (Upper) 
PPV 45.0000 36.0989 53.9011 
Table 28: Positive predictive value for postoperative sepsis, POA excluded 
from medical record screening 
Postop sepsis - Table of B-HDDS 
by Medical Record Review (MRR) 
B-HDDS MRR 
Frequency 

















Approximation (L) 95% CI (Upper) 
PPV 44.5378 35.6081 53.4675 
4.3.2.4 Ventilator associated pneumonia (VAP) 
4,282 cases were included in the denominator for this indicator out of which 1,025 
(23.94%) were flagged positive.   
Amongst all the files reviewed during the screening, 177 (11.68%) concerned ventilator 
associated pneumonia (Table 29).  VAP was less represented in hospitals 1 (4.91%) and 
4 (9.00%) while it was most represented in hospitals 3 (14.00%) and 5 (13.61%). 
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Table 29: Frequency flagged cases for Ventilator-associated pneumonia 
(VAP) in the B-HDDS per hospital 
 
Number of 
flagged cases for 
VAP 
Number of files for 
the medical record 
review Rate (%) 
Hosp 1 8 163 4.91 
Hosp 2 25 200 12.50 
Hosp 3 28 200 14.00 
Hosp 4 18 200 9.00 
Hosp 5 26 191 13.61 
Hosp 6 28 222 12.61 
Hosp 7 20 153 13.07 
Hosp 8 24 186 12.90 
Total 177 1515 11.68 
Results on ventilator associated pneumonia are exactly the same when in- or excluding 
the present on admission from the medical record screening (Table 30 and Table 31).  
Chances of finding real ventilator associated pneumonia in the medical record when it is 
indicated in administrative data are very low (29.94%). 
Table 30: Positive predictive value for Ventilator associated pneumonia 
VAP - Table of B-HDDS by 
Medical Record Review (MRR) 
B-HDDS MRR 
Frequency 





















PPV 29.9435 23.1961 36.6909 
 
4.3.2.5 Postoperative wound infection 
99,787 cases were included in the denominator for the indicator ‘postoperative wound 
infection’.  In 1,302 (1.30%) cases, postoperative wound infection was flagged positive.   
Amongst all medical files screened, 223 (14.72%) concerned an event of postoperative 
wound infection (Table 31).  This indicator was less represented in hospitals 6 (10.81%) 
and 5 (12.57%) and more represented in hospitals 7 (28.30%) and 1 (22.86).  
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Table 31: Frequency flagged cases for Postoperative wound infection (PWI) 
in the B-HDDS per hospital 
 
Results for postoperative wound infection are shown in Table 32 and Table 33.  
Chances of finding a real postoperative wound infection when it was indicated by 
administrative data was 69.06%.  When excluding present on admission from the 
medical screening, it decreased to 62.33%. 
Table 32: Positive predictive value for postoperative wound infection (PWI), 
POA not excluded from medical record screening 
PWI - Table of B-HDDS by 
Medical Record Review (MRR) 
B-HDDS MRR 
Frequency 

















Approximation (L) 95% CI (Upper) 
PPV 69.0583 62.9913 75.1253 
Table 33: Positive predictive value for postoperative wound infection (PWI), 
POA excluded from medical record screening 
PWI - Table of B-HDDS by 
Medical Record Review (MRR) 
B-HDDS MRR 
Frequency 





















PPV 66.8269 60.4283 73.2255 
 
Number of 
flagged cases for 
PWI 
Number of files for 
the medical record 
review Rate (%) 
Hosp 1 36 163 22.86 
Hosp 2 28 200 14.00 
Hosp 3 35 200 17.50 
Hosp 4 34 200 17.00 
Hosp 5 24 191 12.57 
Hosp 6 24 222 10.81 
Hosp 7 15 153 28.30 
Hosp 8 27 186 14.52 
Total 223 1515 14.72 
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4.3.3 Results per hospital and per team 
Logistic regression was performed in the 6 models – one per indicator and one for all 
indicators.  The response variable was the correspondence between the medical record 
screening and the screening of the B-HDDS. If the screening result of the B-HDDS 
were confirmed by the medical record screening, the value of the response variable was 
‘1’, otherwise this value was set to ‘0’. We included the ‘medical record screening team’ 
and the hospital as regressors in the model. 
The results of these analyses, illustrated in Table 34, show that there was no significant 
effect between the regressors and the response variable in all 6 models. 
Table 34  Effect of hospital or medical record screening team on the 
correspondence of results between B-HDDS screening and medical record 
screening, tested by logistic regression analyses 













































































4.3.4 Codification analysis 
Comparing the results obtained from administrative data versus medical record review, 
a detailed analysis was made on all false negative and false positive cases in the selected 
hospitals.  In this regard, the aim was to try to found an answer why mismatches 
occurred between the two sets of data.  Therefore, whenever a false positive or 
negative result originated, a re-evaluation was performed on gained information from 
the medical record review. 
Amongst the 1515 medical files reviewed, teams found 194 cases (12%) with an 
indication of pressure ulcer not present on admission.  As shown in Table 22, pressure 
ulcer was not referenced in administrative data in 81 cases (6%).  In 34 out of 81 cases 
(42%) it concerned pressure ulcers of grade one, in 24 cases (30%) grade and in 13 
cases (16%) grade three pressure ulcers.  In 10 cases (12%) no specific grade of 
pressure ulcer could be found during medical record review.  Pressure ulcers were just 
mentioned in the medical files without clinical description.  Fifty-three cases were false 
positive, in which no indication of pressure ulcers was found during medical record 
review.  All of them were judged as being over reported.   
After excluding cases in which postoperative DVT/PE were present on admission, one 
case was found in the medical file and was not present in the administrative data (Table 
25).  On the other hand, 68 cases were false positive.  For 41 of these (60.3%), it was 
considered as a problem of over reporting.  Twelve cases (17.7%) appeared to be 
present on admission and thus per definition no adverse event was considered.  In 6 
cases (8.8%) no DVT/PE could be scored due to the stringency of the used clinical 
criteria.  In 8 cases (11.8%) the ICD-9-CM code for this indicator didn’t seem to be 
specific enough, in these files an indication for a superficial phlebitis was found.  Finally, 
in one case (0.1%), reviewers found a pulmonary embolism that occurred during the 
inhospital stay but before the intervention.  
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For postoperative sepsis excluding event present on admission, a total of 67 false 
positive cases were found of which 32 (47.8%) were a matter of over reporting.  Twelve 
cases (17.6%) had an indication of postoperative infection, but clinical criteria appeared 
to be too stringent to evaluate the file as postoperative sepsis during medical record 
review.  In an important part of false positive files (21 out of 37c), the ICD-9-CM code 
wasn’t specific enough to distinguish postoperative sepsis from postoperative 
haemorrhagic shock (15 cases - 71%) and postoperative cardiogenic shock (6 cases – 
29%).  For one case (0.2%), the sepsis occurred during the inhospital stay but before the 
surgical intervention.  In one (0.2%) case the patient presented with sepsis without a 
previous recent surgical procedure.   
As regards ventilator associated pneumoniad, 8 cases appeared to be false negative and 
judged as underreporting.  In 58 cases, a false positive result was withheld of which only 
in 5 files (8.6%) no indication of respiratory infection could be found so that these were 
judged as being a clear matter of over reporting.  In contrast, 34 cases (58.6%) had a 
clear diagnosis of respiratory infection in the medical file, but the clinical criteria used 
for ventilator associated pneumonia were too stringent to conclude to this indicator.  In 
another 11 cases (19.0%) there was an indication of aspiration pneumonia during 
medical record screening, indicating a lack of specificity of the ICD-9-CM code for this 
indicator.  Finally, in 8 cases (13.8%) pneumonia or aspiration pneumonia appeared to be 
present on admission. 
For postoperative wound infection, 84 cases were false positive.  Amongst those cases, 
25 (29.8%) had an infection present on admission.  For 46 cases (54.8%), reviewers 
found no information in the medical files or mention of absence of infection, it was 
considered as over reporting.  In 11 cases (13.1%) a postoperative wound infection 
could not be scored during medical record review due to the stringency of clinical 
criteria although there was an indication of wound infection in the files.  Finally, in 2 
cases (6.1%) the ICD-9-CM didn’t seem to be specific enough. 
4.4 CHARACTERISTICS OF EVENTS 
When analysing the answers to the two questions on which basis an event was defined 
as an evident adverse event, we noticed that the distribution of answers was different 
between the two teams who reviewed the medical files.  Table 35 shows how the two 
teams answered to a more general question: “By what was the patient’s 
injury/complication caused?”  Note that its results don’t exclude adverse events present 
on admission.  Team 1 generally attributed cause of adverse events to the health care 
management.  On the other hand, in more than a third of the cases, team 2 estimated 
that they didn’t get sufficient information to decide if an adverse event was due to the 
health care management or not.   
Table 35 Distribution of the cause of adverse events found in medical files by 
team 
  Team 1 Team 2 
  Frequency Percent Frequency Percent 
1 Health care management 197 75.19 50 20.04 
2 Health care management 
interacting with disease 
process  
63 24.05 45 18.37 
3 Solely by disease process 2 0.76 52 21.22 
4 Not documented 0 0.00 98 40.00 
 Total 262 100.00 245 100.00 
 Missing 0  0  
As shown in Table 36, team 1 estimated that more than 85% of cases presented 
moderate to strong evidence that health care management was responsible for the 
adverse event.  Team 2 presented less evident cases of management causation as only 
22 % of cases have moderate to strong evidence.   
                                                     
c  Only one team noted the diagnosis for this event  
d  Available only for one team 
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Table 36 Distribution by team of degree of evidence that health care 
management is responsible for the adverse event 
  Team 1 Team 2 
  Frequency Percent Frequency Percent 
1 Virtually no evidence for 
management causation/system failure  
1 0.38 64 27.23 
2 Slight-to-modest evidence for 
management causation 
0 0.00 50 21.28 
3 Management causation not likely; less 
than 50-50 but close call 
9 3.41 20 8.51 
4 Management causation more likely 
than not, more than 50-50 but close 
call     
22 8.33 49 20.85 
5 Moderate/strong evidence for 
management causation 
70 26.52 42 17.87 
6 Virtually certain evidence for 
management causation 
162 61.36 10 4.26 
 Missing 34 27 
Evaluation of the degree of preventability of the adverse events was estimated equally 
by the two teams (Table 37).  Team 1 usually attributed a strong evidence of 
preventability of events found in medical files.  Inversely, team 2 was more moderate 
and cautious.   
Table 37 Distribution by team of degree of preventability of the event 
  Team 1 Team 2 
  Frequency Percent Frequency Percent 
1 Virtually no evidence for 
preventability 
14 5.30 38 16.38 
2 Slight-to-modest evidence for 
preventability 
6 2.27 43 18.53 
3 Preventability not likely, less than 
50-50 but close call 
15 5.68 18 7.76 
4 Preventability more likely than not, 
more than 50-50 but close call 
27 10.23 57 24.57 
5 Strong evidence for preventability 85 32.20 63 27.16 
6 Virtually certain evidence for 
preventability 
117 44.32 13 5.60 
 Missing 34 30 
Distribution of causation of management of care (Table 38) and degree of preventability 
(Table 39) can also be observed for each indicator by team. 
Table 38 Distribution, by team and indicator, of degree of evidence that 
health care management is responsible for the adverse event 
Decubitus ulcer DVT/PE VAP 
Postoperative 











1 0 0.00 0 0.00 0 0.00 0 0.00 1 0.79 
2 0 0.00 0 0.00 0 0.00 1 1.47 1 0.79 
3 0 0.00 7 23.33 1 2.94 2 2.94 5 3.97 
4 3 2.33 14 46.67 17 50.00 13 19.12 10 7.94 





6 98 75.97 3 10.00 0 0.00 37 54.41 65 51.59 
1 24 26.67 21 53.85 10 27.03 15 24.59 11 15.49 
2 16 17.78 10 25.64 17 45.95 19 31.15 15 21.13 
3 4 4.44 0 0.00 3 8.11 8 13.11 11 15.49 
4 22 24.44 4 10.26 4 10.81 11 18.03 15 21.13 





6 2 2.22 2 5.13 1 2.70 2 3.28 4 5.63 
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Table 39 Distribution, by team and indicator, of degree of preventability of 
the adverse event 
Decubitus ulcer DVT/PE VAP 
Postoperative 











1 0 0.00 22 73.33 0 0.00 0 0.00 1 0.79 
2 1 0.00 4 13.33 1 2.94 3 4.41 5 3.97 
3 1 0.00 2 6.67 8 23.53 12 17.65 11 8.73 
4 4 3.10 1 3.33 24 70.59 12 17.65 24 19.05 





6 91 70.54 0 0.00 0 0.00 23 33.82 29 23.02 
1 15 17.24 12 29.27 3 8.11 8 13.33 7 9.86 
2 12 13.79 8 19.51 14 37.84 21 35.00 15 21.13 
3 4 4.60 4 9.76 8 21.62 10 16.67 4 5.63 
4 19 21.84 6 14.63 4 10.81 13 21.67 20 28.17 





6 6 6.90 2 4.88 4 10.81 3 5.00 5 7.04 
We suggested that an evident adverse event could be defined as an adverse event with 
high management causation (more than 3) or with high preventability (more than 3)14, 41, 
42.  When an adverse event was flagged in the B-HDDS and also identified in the medical 
files as not present on admission, the reviewers estimated the event as evident in more 
than 3 out of 4 cases (Table 40).  However this proportion was very different between 
the 2 reviewer teams:  Team 1 retrieved evident adverse event in most of cases when 
team 2 defined it in 60% of the cases. 
Table 40 Proportion of events defined as evident (high preventability or high 
management causation) when present in B-HDDS and in the medical files 
but not present on admission 
 Total Team 1 Team 2 
Adverse event 
evident Frequency Percent Frequency Percent Frequency Percent 
0 99 20.71 8 3.24 91 39.39 
1 379 79.29 239 96.76 140 60.61 
Amongst the five indicators selected, the one showing the most evident adverse event 
was decubitus ulcer with 88% (Table 41).  The less represented was Ventilator-
associated pneumonia with 55% of evident adverse events.  Results were different 
between the two teams but in the same proportions as in all cases, decubitus ulcer was 
the most “evident” indicator and ventilator-associated pneumonia was the less evident.   
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Table 41 Proportion of events defined as evident (high preventability or high 
management causation) when present in B-HDDS and in the medical files 
but not present on admission – by indicator 
Total Team 1 Team 2 
 Frequency Percent Frequency Percent Frequency Percent 
Decubitus Ulcer       
0 14 12.39 0 0.00 14 31.11 
1 99 87.61 68 100.00 31 68.89 
Postoperative sepsis       
0 16 30.19 1 4.55 15 48.39 
1 37 69.81 21 95.45 16 51.61 
Ventilator-associated 
pneumonia       
0 24 45.28 1 4.76 23 71.88 
1 29 54.72 20 95.24 9 28.13 
Postoperative wound 
infection       
0 22 15.83 3 3.49 19 35.85 
1 117 84.17 83 96.51 34 64.15 
Deep vein thrombosis 
/ Pulmonary embolism       
0 27 40.30 7 25.00 20 51.28 
1 40 59.70 21 75.00 19 48.72 
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5 DISCUSSION  
The aim of the current study was to validate the accuracy of the B-HDDS to detect 5 
adverse events by means of 5 indicators: pressure ulcers, deep venous thrombosis or 
pulmonary embolism (DVT/PE), postoperative sepsis, ventilator associated pneumonia 
(VAP) and postoperative wound infection.  For this project, we used the definition of 
adverse event from Wilson et al14.  According to these authors, an adverse event is “an 
unintended injury or complication which results in disability, death or prolongation of 
hospital stay, and is caused by health care management rather than the patient’s 
disease”.  As near-misses are unlikely to be found in the medical files and to be coded in 
administrative data, we prefer to focus on adverse events.   
5.1 SYNTHESIS OF STUDY RESULTS 
The international prevalence of adverse events has been evaluated between 2.9% 41, 42 
and 16.6%14.  This emphasises the need to improve processes of care so that the 
complication rate in acute care hospitals can be reduced.  In order to achieve this goal 
however, one must define a reliable process to find these adverse events.  Since medical 
inpatient diagnoses can be identified in administrative databases through the use of ICD-
9-CM codes, these codes provide a very inexpensive and readily accessible source of 
clinical information.  Databases have therefore been extensively studied throughout the 
years to assess the validity of the use of ICD-9-CM codes for complications in order to 
compare providers’ performances.  Given the fact that the Belgian Hospital Discharge 
Dataset is compulsory for all inpatient in acute hospitals, the system can be considered 
representative for the care performed at Belgian acute hospitals.  The dataset contains 
patient demographics, information about the hospital stay (date and type of 
admission/discharge, referral data, admitting department, destination after discharge,…), 
as well as clinical information (primary and secondary diagnoses and therapeutic 
procedures as described in the ICD-9-CM). 
The aim of the current study was to validate the accuracy of the B-HDDS to detect a 
group of 5 adverse events indicators: pressure ulcers, deep venous thrombosis or 
pulmonary embolism (DVT/PE), postoperative sepsis, ventilator associated pneumonia 
(VAP) and postoperative wound infection.  Since ‘near misses’ are unlikely to be found 
in the medical record, we used the definition of an adverse event by Wilson et al14.  
According to this definition, an adverse event is an unintended injury or complication 
which results in disability, death or prolongation of hospital stay, and is caused by health 
care management rather than the patient’s disease. 
Using retrospective medical record review with predefined strict clinical criteria as the 
gold standard, we searched for evidence supporting the presence of any of the 5 
adverse events which were then compared with the ICD-9-CM discharge diagnoses.  
The overall positive predictive value was 64.91%.  When correcting for events not 
present on admission, it decreased to 61.37%.  Considering all indicators, the positive 
predictive values were relatively low, ranging from 29.94% for ventilator associated 
pneumonia up to 75.52% for pressure ulcer.  These values were reconfirmed when 
excluding events present on admission.  Values then ranged from 29.94% for ventilator 
associated pneumonia up to 68.07% for pressure ulcer.  Even though AHRQ suggests 
defining the limit of positive predictive values to 75%56, we have observed that this limit 
couldn’t be met.  The closest rate was reflected in the 2/3rd of the pressure ulcer cases 
flagged in the B-HDDS where the event occurred during hospital stay.  These results 
can be put into perspective by taking into consideration the fact that the stringency of 
the clinical criteria defined for the medical record review was, as described in the next 
paragraph, too strict in some instances (e.g. ventilator associated pneumonia). 
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Table 42 Positive Predictive Value by indicator present (or not) on 
admission (POA) 
Indicator PPV (%) 
Overall 64.91 
Pressure ulcer 74.52 
Postoperative DVT/PE 58.52 
Postoperative sepsis 45.00 
Ventilator associated pneumonia 29.94 
Postoperative wound infection 69.06 
Overall, not POA 61.37 
Pressure ulcer, not POA 68.07 
Postoperative DVT/PE, not POA 54.47 
Postoperative sepsis, not POA 44.54 
Ventilator associated pneumonia, not POA 29.94 
Postoperative wound infection, not POA 66.83 
5.2 MISMATCH MEDICAL RECORD REVIEW VERSUS 
ADMINISTRATIVE DATA 
In general, previous work notified against the general use of ICD-9-CM codes to 
measure adverse event occurrence.  Explanation for the weakness of adverse event data 
in administrative files is probably of multi-factorial origin.  Possible causes include the 
lack of incentives for coding them, the vague clinical content of ICD-9-CM definitions, 
and failure or reluctance of clinicians to list complication diagnoses at discharge.  
Furthermore, the administrative database often fails to distinguish a condition present 
on admission from an adverse event occurring during the hospital stay71.   
In order to understand the mismatches between medical record review and 
administrative data, the current study also provided a more detailed analysis on all false 
negative and false positive cases by re-evaluating the medical records involved.   
Pressure ulcers were especially prone to be underreported with almost 35% of all 
decubitus ulcer found during medical review not reported in the B-HDDS.  However, 
nearly 42% of these cases concerned grade one pressure ulcers with no disability for 
the patient.  Correcting for this low grade of pressure ulcer will probably result in a 
more accurate detection of the indicator through administrative data.   
Only one false negative was found for DVT/PE confirming an accurate detection of this 
adverse event through administrative data.  This can probably be explained by the rarity 
of this illness which is less likely to be randomly found during the medical record 
review. Moreover, its severity makes it more prone to being reported by practitioners 
in the patient’s medical file. 
Several explanations could be provided for false positive cases.  Given the much larger 
portion of true negative cases compared to true positive cases, the percentage of false 
positive results was relatively low, ranging from 4.7% for DVT/PE to up to 8.6% for 
VAP.   
Over reporting was the only explanation for the false positive results on pressure ulcers 
and was also a clarification for DVT/PE (60%), postoperative wound infection (45.4%) 
and postoperative sepsis (47.8%) in a significant amount of cases.  The indicator 
appeared to be present on admission in 17.7% for DVT/PE and 29.8% for postoperative 
wound infection.   
The ICD-9-CM code for postoperative sepsis was clearly not specific enough, since in 
nearly 57% of cases no distinction was made between postoperative sepsis, 
postoperative haemorrhagic shock and postoperative cardiogenic shock.  Also for 
ventilator associated pneumonia (19%) and DVT/PE (11.8%) the ICD-9-CM codes 
lacked specificity.   
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The main problem for ventilator associated pneumonia however was the stringency of 
used clinical criteria.  In 58.6% of cases a clear diagnosis of respiratory infection was 
found during medical record screening, but an insufficient amount of retained clinical 
criteria prohibited concluding a VAP.  This finding is consistent with recent work by 
Klompas and colleagues90 in which it appears that the clinical diagnosis of VAP is 
notoriously inaccurate.  The physicians’ ability to diagnose VAP is poor because many 
pulmonary complications of intensive care present with similar clinical signs.  Therefore, 
the author conclude that due to the difficulty in rendering an accurate diagnosis of VAP 
and the subjective nature of the Centers for Disease Control and Prevention (CDC) 
criteria make VAP an unreliable basis for either internal quality control or interhospital 
benchmarking of quality care.  Clinical criteria also appeared to be too strict in a less 
explicit way for postoperative wound infection (27.3%) and for postoperative sepsis 
(16.2%). 
5.3 PRIOR RESULTS 
The work of Iezzoni and colleagues in the early 1990s was the first systematic 
exploration of the value of administrative data in quality and patient safety research.  
They developed the Complications Screening Program (CSP), a computerized algorithm 
to screen for potential problems with the quality of hospital care using readily available 
discharge abstract data.  The goal of most of the 27 screens was to identify facilities 
with higher-than-expected rates of complications, following adjustment for a number of 
patient characteristics, including chronic illnesses. Further study by the same author 
revealed that cases with complications had significant higher hospital mortality, a longer 
hospital stay and a higher total hospital cost.  Despite these relationships, models aiming 
to predict complications using a variety of patient and hospital variables produced 
modest results, suggesting that the complications identified by the CSP were not easily 
explained using information available from administrative data91.  In later work, the CSP 
comprised 28 complications screens in which it was validated as a quality indicator by 
using explicit process of care criteria to determine whether hospital discharges flagged 
by the CSP experienced more process problems than unflagged discharges.  No 
statistically significant differences were found in the absolute number of process 
problems across flagged and unflagged cases77.  Lawthers and colleagues76 examined the 
validity of the CSP on 1,298 cases from California and Connecticut, of which 813 were 
surgical cases and 485 were medical cases.  For the purpose of identifying in-hospital 
events, the surgical screens validated much better than the medical screens.  Six surgical 
screens validated particularly well in terms of code corroboration and timing 
assumptions, with overall confirmation rates > 80%. Especially for medical screens, the 
difficulty was determining whether a code represented a pre-existing condition present 
on admission or a condition arising from the hospitalization.  Our work support this 
problem, since especially ‘pressure ulcers’, as a medical screen, was particularly sensitive 
for the present on admission coding.   
The CSP aimed to identify cases for in-depth review, not to make absolute judgments.  
Ten surgical screens had VPP of ~88% or higher and would be good-to-excellent 
candidates as screens for complications76.  Only one medical screen – postprocedural 
haemorrhage or haematoma – appeared useful as a screening tool.  The authors 
concluded not to recommend using the other medical screens to screen for 
complications.  They suggested that the addition of an indicator of the timing of 
secondary diagnosis would significantly increase the utility of claims data for identifying 
in-hospital complications76.  Naessens92 and Glance93-95 agreed that adding a ‘condition 
present at admission’ modifier to administrative data would significantly increase the 
value of clinical information in these data.  Weingart et al75 examined the accuracy of 
the CSP.  Using physician judgments as the gold standard, they found that the flagged 
complication was present in 68.4% of surgical and 27.2% of medical cases.   
McCarthy et al74 examined, by using explicit criteria, medical records for objective 
clinical evidence supporting hospital-assigned ICD-9-CM discharge diagnoses and 
procedures codes that could represent complications.  Overall, 30% of medical and 19% 
of surgical patients lacked any documented evidence in the medical record, even 
physicians’ notes.  These findings raised questions about whether the clinical conditions 
represented by ICD-9-CM codes used by some CSP were in fact present.  Fry et al23 
demonstrated that the addition of a present-on-admission code, numerical laboratory 
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data, and vital signs to standard administrative data could greatly improve the accuracy 
of predictions of adverse outcomes associated with two selected surgical procedures 
(mortality rates following craniotomy and rates of postoperative sepsis after elective 
surgical procedures).  
Geraci et al71 tested the ability of ICD-9-CM codes in discharge abstracts to identify 
medical inpatients that experienced an in-hospital complication, using complications 
identified through chart review as the gold standard.  Two sets of ICD-9-CM codes 
were used : an inclusive set including many medical diagnoses that may also be 
coexistent complicating conditions on admission rather than complications and an 
exclusive set consisting primarily of ICD-9-CM-specified complication and adverse drug 
events codes.  Neither set appeared to perform well as a diagnostic test for 
complication occurrence.  Positive predictive values were 32% in the inclusive set and 
37% in the exclusive set.  The authors concluded that administrative data significantly 
underestimated complication frequency in the selected medical patient population.  
Likewise, Moro and colleagues96 stated that the Italian hospital discharge database could 
not be used to monitor postoperative infections developed during hospital stay.  
Romano et al70 studied how accurately postoperative complications from elective 
lumbar diskectomies were reported in administrative data and found a markedly 
underreporting.  They concluded that most complications were defined so vaguely in 
ICD-9-CM, or were so dependent on physician documentation and coder 
interpretation, that hospitals had difficulty reporting them consistently.   
In contrast, Arnason et al81 measured the accuracy of ICD-9-CM codes for bleeding and 
thrombo-embolic diagnoses in one Canadian university hospital.  Compared to the gold 
standard chart review, the ICD-9-CM codes for identifying definite bleeding and major 
bleeding had a positive predictive value greater than 87%.  However, the ICD-9-CM 
codes for identifying acute thrombo-embolism have a positive predictive value of only 
63%.  The authors concluded that it was valid to use bleeding codes as indicators of 
bleeding events as opposed to acute thrombo-embolism.   
5.4 CHARACTERISTICS OF THE CLASSIFICATION OF 
ADVERSE EVENTS 
When an adverse event was identified in the patient’s file, reviewers were requested to 
qualify the event in terms of causes, health care management causation and degree of 
preventability.  We have observed that both teams have interpreted these questions in 
different manners, re-questioning the reproducibility of this part of the abstraction tool.  
One possible hypothesis suggests that team 1 might have misinterpreted some 
questions.  Indeed they defined some adverse events present on admission as being 
highly preventable and caused by health care management while team 2 didn’t qualify 
such cases.  Moreover, whilst team 1 would almost systematically put the responsibility 
on health care management, team 2 would put more focus on the morbidity of the 
patient: responsibility was taken off health care management as from the point where 
medication was provided to the patient, with no further check that posology was 
adapted to the situation.  We can only assume that the true explanation lies somewhere 
in the middle.   
Despite these differences, some trends have been identified.  Both teams qualified the 
DVT/PE as being the event less likely to be preventable or caused by health care 
management (all: 60%, team 1: 75%, team 2: 49%).  Inversely, the pressure ulcers are 
events that are the most preventable or most likely to be caused by health care 
management (all: 80%, team 1: 100%, team 2: 69%).  This leads to observe that both 
teams tended to evaluate these two specific events similarly.   
For the VAP however, the approaches of the teams diverged completely.  Team 1 
estimated that 95% of VAP were highly preventable or caused by health care 
management while the proportion went down to 28% as far as team 2 was concerned.  
In this specific case, an explanation could be that both teams not only had very different 
specialties (internal medicine vs. surgery) but also different points in safety culture 
between two generations. 
Results of this study should however be toned downed as, when considering the files 
audited and flagged by RCM as a whole, only 60% of them can be considered as true 
positive adverse events occurring during hospital stay.  Within these true positive 
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events, and based upon the review team considered, 40 to 5% of cases are non 
preventable or are not considered as related to the health care management.  As shown 
in a previous study the rate of preventable adverse events may vary widely based on the 
analysis method used or, in our case, based on the review team assessing the medical 
records. 
5.5 POTENTIALS AND CONDITIONS 
Taking the current and previous international results into account, administrative data 
do have potential to accurately screen for adverse events.  In our opinion, some 
conditions have to be met in order to achieve this goal: 
• Refinement of administrative data by adding a ‘present on admission’ 
code.  This code was recently added to the B-HDDS with a new 
version to begin the second semester of 2008. 
• Increasing the specificity of the ICD-9-CM codes.  Transition to the 
ICD-10-codes might already partially resolve this problem. 
• At present, coding is based on the medical record only in some 
hospitals.  Looking at the whole patient file, which includes nursing 
notes, would probably increase the accuracy of administrative data of 
those hospitals. 
• Attention should be paid to the algorithm used for screening 
administrative data.  
• Transparency in results on adverse events based on administrative data 
is essential.  An approach of benchmarking have to be considered 
carefully but it will attract the attention of hospitals and will probably 
increase the quality of coding.  
5.6 STUDY LIMITATIONS 
Our study had several limitations.  For individual indicators, the number of cases 
examined was relatively small, although it was sufficient to make reasonable assessments 
about validity. The design we had to use to attain a sufficient number of cases, however, 
unabled us to calculate sensitivity and specificity of the indicators.  
The explicit clinical criteria were developed by one physician based on the international 
literature which was sometimes spares for some indicators and controversial for others.  
In order to partially resolve this problem, clinical criteria were presented to a panel of 
experts and adjustments were made whenever required.   
The retrospective medical record review of the selected cases may not represent a true 
gold standard.  First, no inter-rater variability test was performed by means of a random 
re-abstraction sample and exchange in between the two observers. Second, since the 
medical record screening itself was time consuming, no time was left for comparison 
between the findings on medical record screening and administrative data and 
subsequently for re-evaluation of the medical record on possibly false positive or 
negative results.  Third, a medical record was judged to be accurate whenever two out 
of three items – nursing progress notes, documentation procedures and discharge note 
including medication prescription – were present.  However, missing nursing progress 
notes could have had a significant impact on the finding of an indicator since multiple 
clinical criteria depended on this notes.  Concerning these remarks, Weingart et al75 
already suggested that physician review is at best a ‘bronze standard‘ for evaluating 
quality.   
In order to overcome a few of the mentioned problems, persons who performed the 
screening were experienced in clinical practice and well-regarded coders.  Both team 
members consulted each other whenever there was doubt about an indicator.  
Furthermore, difficult files were proposed to a clinical expert panel in order to obtain 
agreement whenever necessary.   
Finally, the eight selected hospitals accounted for just 6.9% of all acute care hospitals in 
Belgium.  Since each acute hospital was invited to take part on this study with an 
agreement of only 17 hospitals (14.7%), the responding hospitals might be more active 
in the field of quality of care and therefore serving as a potential hospital selection bias. 
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6 CONCLUSION 
Despite general consensus on the need to monitor the quality and outcome of hospital 
care, questions persist about how to operate in a clinically credible and efficient fashion.   
The most critical obstacle in the patient safety campaign remains the lack of system that 
can reliably identify and report adverse events.   
Medical records have so far been the primary source for researching adverse events.  
This system contains rich clinical details that allow identification of various medical 
injuries or near misses, and analysis of circumstances and causes of errors.  A significant 
limitation of this system as a broad-based monitoring is its associated costs, access 
restrictions, privacy and the requirement of a specific clinical contextual knowledge. 
Alternative systems for safety research include mandatory and voluntary reports of 
medical errors, drug safety surveillance, nosocomial infection surveillance, combined 
modalities and medical malpractice data.   
• Incident reporting is the voluntary reporting of a medical event by a 
health care provider.  Studies that have compared the rate of adverse 
event detection through incident reports versus those detected by 
chart review have found that only 1.5% of adverse events are detected 
through them.   
• The use of trained observers for the detection of adverse events can 
be performed prospectively and has been described as the most 
sensitive detection method for identifying adverse drug events.  
However, its cost is a limitation of direct observation.  
• Combined modalities are methods for detecting adverse events that 
rely on both electronic and manual review processes.  In general, these 
systems identify an electronically stored ‘signal’ as screening criteria to 
identify charts for further review.  These systems generally require less 
reviewer time and thus are less expensive to operate than manual 
systems.  However, as a result of low specificity, much of these 
approaches still require some form of manual review24.   
• Finally, administrative data might be a viable source, and their potential 
in patient safety research is increasingly recognized.  They are readily 
available, inexpensive, computer readable, typically continuous, and 
cover large populations. However, indicators using this source still 
need to overcome the limitations discussed previously.    
Since near misses are difficult to find in the medical record and unlikely to be coded in 
administrative data, this project focused on five adverse events.  We used the definition 
of Wilson et al14 of an adverse event as “an unintended injury or complication which 
results in disability, death or prolongation of hospital stay, and is caused by health care 
management rather than the patient’s disease”. 
Knowing that there are many concerns regarding ICD-9-CM coding and patient safety 
research in the international literature, this study aimed at validating the Belgian 
Hospital Discharge Dataset for a select group of five adverse events.  
Our results lead to some comments concerning the usefulness of identifying adverse 
events through administrative data.  First, some adverse events are subject to under 
reporting in the B-HDDS, e.g. pressure ulcer.  On the other hand, some pathologies are 
over reported.  The cause of these errors, whether it be coding error, 
misinterpretation of the coding rules, maximization of the reimbursements, etc… could 
not be identified based on the results of this study.  Moreover, ICD-9-CM codes 
sometimes lack sufficient specificity for describing an adverse event leading to false 
positive results.  Finally, the definition, in administrative data such as the B-HDDS, of an 
accurate algorithm targeting the true adverse event occurring during hospital stay 
remains an extremely difficult exercise. 
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We strongly believe that the addition, in the B-HDDS release to be issued in the course 
of the 2nd semester 2008, of the “Present On Admission” item will allow for a more 
targeted identification of adverse events.  This study also illustrates that some ICD-9-
CM diagnostic codes can be confusing as they do not always allow for a precise 
identification of the event, e.g. the same code is used to identify postoperative sepsis, 
postoperative haemorrhagic shock and/or postoperative cardiogenic shock.  Having 
clear defined clinical criteria for the chosen adverse event is likewise a critical step in 
the selection of indicators.  Since nearly 60% of positive results on ventilator associated 
pneumonia were due to the controversial and stringent clinical criteria, this indicator 
doesn’t seem to be valid for the purpose of searching administrative data.   
Our study highlights an indicator of adverse event – pressure ulcer – which appears to 
be relevant to their identification.  Indeed, this indicator reveals a positive predictive 
value excluding POA of 68% suggesting thereby that the event occurred in over 2/3rd of 
the flagged cases.  Moreover, it has been evaluated as the most preventable indicator or 
the one most likely to be caused by health management. 
In conclusion, the B-HDDS can probably detect a select group of adverse events on the 
condition that the limitations discussed in this study are resolved.  Since administrative 
data provide a very inexpensive and readily accessible source of clinical information, 
some indicators (such as the pressure ulcer) could be used as a first step, amongst 
several tools, to review a selection of files towards an approach to improve the quality 
of care.  In this approach, the choice of the indicator of the adverse event depends on 
:(i) the specificity of the ICD-9-CM code (ii) the perimeter defined by the algorithm 
used and (iii) the definition of clear clinical criteria without an excessive stringency. 
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